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I. INTRODUCTION 
Weeds can grow almost everywhere and have become particularly well 
adapted to agricultural situations, by virtue of the ability to 
perpetuate themselves through continuous regeneration. The most common 
regenerative strategy involved in annual weed succession is the 
accumulation of seeds in the soil, forming persistent seed banks 
(Grime, 1979; Karssen, 1982; Fenner, 1985). This feature, which 
renders weeds particularly difficult to control, arises mainly as a 
result of the property of most of their seeds to remain dormant in the 
soil until they experience certain environmental factors or undergo 
certain metabolic changes (Bewley and Black, 1985). Thus, gennination 
proceeds whenever seeds meet particular sets of environmental 
conditions which, presumably, are able to support not only germination 
itself, but also to guarantee the survival and success of the offspring 
(Holzner et al., 1982; Roberts, 1981; Egley and Duke, 1985). 
Weed seeds may face several different environmental conditions 
throughout periods of time, as affected by location either upon the soil 
surface or buried at different depths underneath the soil profile. 
Several factors are expected to interact to determine whether or not 
they germinate. Furthermore, the intrinsic characteristics of the seed 
and its concomitant response to environmental factors are often diverse 
among seeds from different species, among seeds from different plants of 
the same species, and even among those from the same plant (Gutterman, 
1980/81; Mayer and Poljakoff-Mayber, 1982; Silvertown, 1982; Bewley and 
Black, 1985; Fenner, 1985). This phenomenon, which has been referred to 
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as polymorphism, heteromorphy or heteroblasty (Bewley and Black, 1985; 
Fenner, 1985), is a consequence of the genetic variability that 
characterizes most of the weed species, and it constitutes a feature of 
great adaptative value since it results in intermittent germination of 
seeds over long time intervals, ensuring that at least some seeds of a 
population will germinate while conditions are conductive to successful 
seedling establishment (Holzner et al., 1982). 
As outlined above, considerable difficulty exists for plant 
physiologists, ecologists and weed scientists to understand the behavior 
of weed seeds under field situations, and this difficulty imposes a 
major constraint to prediction of the infestation level that may be 
expected under a given set of conditions. Therefore, in order to 
develop new improved methods of weed control it is necessary to gain a 
better knowledge of weed seed dormancy and germination (Bibbey, 1935; 
Staniforth, 1961; Chancellor, 1982; Egley and Duke, 1985). 
From the practical standpoint, to elucidate the factors responsible 
for the inception of seed dormancy and the conditions conducive to 
germination might lead to management practices that could either, 
diminish weed germination or enhance it in order to achieve a later 
facilitated control. For instance, if seeds of a given species are 
found to require light and alternating temperatures to germinate, 
appropriate soil management practices conducive to enhance germination 
should include practices that prevent seed burial and provide a soil 
surface devoid of residues. Conversely, germination could be diminished 
by opposite methods. 
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Typical investigations to characterize the dormancy patterns of 
weed seeds in the field include; a) monitoring seedling emergence in 
plots with natural populations or artificially planted seeds (Bibbey, 
1935; Roberts and Feast, 1970; Stoller and Wax, 1973; Chancellor, 1979; 
Thompson and Grime, 1979); b) burying seeds enclosed in bags either, 
directly in the field or in unheated greenhouses, and periodically 
uncovering them to test germination and viability (Courtney, 1968; 
Taylorson, 1970; Stoller and Wax, 1974; Roberts and Lockett, 1978; 
Baskin and Baskin, 1978, 1981a, 1981b, and 1986; Karssen, 1980/8la). 
Other studies have been oriented toward the elucidation of the 
biochemical and physiological basis for seed dormancy and germination 
(e.g., Major and Roberts, 1968; Simmonds and Simpson, 1972; Taylorson 
and Hendricks, 1973a; Hendricks and Taylorson, 1974). 
Although very valuable, many such investigations and do not 
necessarily reflect the natural behavior of seeds in terms of dormancy 
(Karssen, 1982). 
Since relatively little data are available for important weeds 
under Iowa conditions, the present investigation was undertaken to 
provide information about the dormancy characteristics in seeds of six 
weed species by attempting to; 
1) Determine when their dormancy is overcome in the field; 
2) Compare the behavior of buried versus non-buried seeds; 
3) Examine the effect of after-ripening temperatures; 
4) Explore the role of light as a dormancy breaking agent. 
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II. LITERATURE REVIEW 
Seed dormancy has been studied by many researchers producing a 
large amount of literature. Barton (1967) in her "Bibliography of 
Seeds", compiled 544 citations of papers that had dealt directly with 
this topic until 1964. Taylorson and Hendricks (1977) in turn, stated 
that more than 1300 articles, 10 reviews and 3 relevant books on seed 
dormancy and related aspects appeared during the 4 years previous to 
the publication of their review. Since then, many hundreds of papers 
and several new books have been also published (e.g.. Khan, 1977a and 
1982; Bewley and Black, 1978, 1982 and 1985; Rubenstein et al., 1979; 
Mayer and Poljakoff-Mayber, 1982; Murray, 1984; Fenner, 1985; Duke, 
1985; Priestley, 1986). 
As a result of this effort, a great deal of progress has been 
made in several important areas (Taylorson and Hendricks, 1976; 
Evenari, 1980/81; Egley and Duke, 1985). However, many details are 
lacking and particularly, many of the mechanisms operating in seed 
dormancy and germination, and their regulation and control, remain 
unknown or little understood (Mayer and Shain, 1974; Taylorson and 
Hendricks, 1977; Osborne, 1977; Khan, 1977b; Evenari, 1980/81; Mayer 
and Marbach, 1981; Bewley and Black, 1985; Egley and Duke, 1985). Khan 
(1977b) has recognized that "essentially the problem seems to lie in 
the inability to distinguish between the cause and the effect and to 
demonstrate unequivocally that a particular event is a link in the 
chain of events leading to the release or induction of dormancy". 
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Fiirthermore, Karssen (1982) has concluded that the separation of 
environmental from biochemical approaches is a principal reason for 
failure to connect seed biochemistry with patterns of change in 
dormancy which are observed in the field. 
Given the circumstances pointed out above, virtually any 
literature review on seed dormancy has to be selective and limited in 
scope. Hence, the present review will first consist of a general 
discussion on seed dormancy, its biological significance, the different 
types that have been distinguished, and their ecological importance in 
relation to the fate of weed seeds in the soil. Secondly, 
considerations will be made on the development (inception or onset) of 
dormancy and the factors that have been implicated in such processes. 
Finally the release from dormancy and the factors that may act as 
dormancy breaking agents will be analyzed, and some mechanisms that 
have been proposed as responsible for their action will be discussed. 
The known dormancy characteristics for the species included in 
this study will be surveyed and reported in the appropriate sections. 
Furthermore, this review will mostly be restricted to the literature 
published within the last ten years. 
A. Seed and Dormancy Definitions 
A seed has been defined, in a simplified fashion, as a ripened 
ovule consisting of an embryo and its coats (Crocker and Barton, 1953; 
Villiers, 1975; Mayer and Poljakoff-Mayber, 1982); it is the result of 
sexual reproduction and constitutes an embryonic plant in a state of 
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suspended animation (Bewley and Black, 1982; Mayer and Marbach, 1981). 
With very few exceptions (e.g., Orchidaceae), seeds contain food 
reserves (i.e., carbohydrates, proteins and lipids) concentrated in 
specialized structures, particularly the endosperm and cotyledons 
(Mayer and Poljakoff-Mayber, 1982). 
Sometimes the dispersal unit includes not only the seed itself but 
also accessory structures that remain attached to it for prolonged 
periods of time. Also, the dispersal units may consist of true fruits, 
such is the case of the caryopses in Gramineae and the achenes in 
Polygonaceae. For convenience, in ecological and physiological work, 
such dispersal units may be regarded as seeds (Crocker and Barton, 
1953; Taylorson and Hendricks, 1977; Mayer and Poljakoff-Mayber, 1982). 
This criterion will be followed hereafter. 
Seed dormancy, as defined by Amen (1963), is the condition in 
which germination is temporarily delayed because of some internal 
control mechanism. Khan (1980/81), in turn, pointed out that dormancy 
may be defined as a mechanical and/or physiological constraint on the 
seed which prevents the full realization of the growth potential of the 
embryo under moderate conditions. 
According to Amen (1963) and Villiers (1975), distinctions should 
be made between seed dormancy and quiescence, as the quiescent state is 
an environmentally imposed temporary suspension of growth and reduced 
metabolic activity which occurs in viable seeds under unfavorable 
conditions. Seed dormancy, on the other hand, also involves suspension 
of growth and reduced metabolic activity, is endogenously controlled 
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and can be environmentally imposed, but is independent of immediate 
environmental conditions. Thereby, quiescent seeds will be able to 
germinate whenever conditions may be favorable for normal growth, while 
dormant seeds do not. 
B. Biological and Ecological Significance of Seed Dormancy 
Bewley and Black (1978) stated that with the seed the independence 
of the new generation of plants begins, since the seed is equipped, 
both structurally and physiologically to function as a dispersal unit 
and is provided with food reserves to sustain the young plant until it 
becomes established as an autotrophic organism. However, germination 
must be properly controlled and matched to environmental conditions if 
the seed is going to succeed in such a reproductive role (Mayer and 
Marbach, 19881; Holzner et al., 1982; Egley and Duke, 1985). Dormancy 
is probably the most important attribute of the seed in accomplishing 
this essential fulfillment (Staniforth, 1961; National Academy of 
Sciences, 1968; Villiers, 1975). 
Thus, dormancy becomes associated with resistance to adverse 
conditions, and must be evolved as a solution to the periodic, as well 
as non-periodic, changes in the environment which impair the proper 
function of the plant during certain periods (Koller, 1972). Also, 
dormancy may prevent germination from taking place readily under 
apparently normal conditions, if they occur occasionally. In this way, 
it constitutes an evolutionary safeguard against the uncertainty of the 
environment (Koller, 1972). Moreover, as pointed out by several 
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authors (Villiers, 1975; Chancellor, 1982; Tran and Cavanagh, 1984; 
Fenner, 1985), dormancy is a property that enables weed seeds to 
survive conditions hazardous to plant growth, such as the periods of 
extreme heat and drought in tropical and sub-tropical areas or the long 
cold winters in temperate regions, and allows them to germinate at some 
later time or in some other place. Similarly, Roberts (1981) indicates 
that seed dormancy mechanisms tend to inhibit seeds from germinating at 
the wrong time and in the wrong place. 
Hence, weed seeds can persist in the soil for many years and 
germinate after experiencing conditions favorable for seedling survival 
through maturity (Fenner, 1985). Such behavior results in the 
accumulation of large quantities of seed in the soil, forming either 
transient or persistent banks which constitute the regenerative 
strategy developed by many weed species (Grime, 1979; Thompson and 
Grime, 1979; Karssen, 1982; Bewley and Black, 1985; Fenner, 1985). In 
further support of this concept, the analysis of the composition of 
most seed pools has revealed that dormant seeds are only produced in 
large numbers by species whose growing populations are subject to 
periodic local extinction, such as is the case for early successional 
plants, grassland annuals and arable weeds (Silvertown, 1982). 
C. Types of Dormancy 
Several types of dormancy have been recognized and described under 
terms as "primary and secondary" (Crocker, 1916), "inherent and 
environmental" (Bibbey, 1948), "innate, induced and enforced" (Harper, 
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1959), "constitutive and exogenous" (Sussman and Halvorson, 1966), and 
"seasonal and opportunistic" (Radosevioh and Holt, 1984). Furthermore, 
Nikolaeva (1977) includes 15 types of dormancy in a classification 
based on the relationship betwen the factors responsible for inhibiting 
germination and those required for elimination of the delay. However, 
Khan (1980/81) has pointed out that there is no real justification for 
recognizing more than two types of dormancy, i.e., 1) primary dormancy, 
which describes dormancies induced during seed maturation, and 2) 
secondary dormancy, which is the type induced naturally or artificially 
following harvest. 
Additionally, different levels of dormancy may exist in each of 
the above types. Thus, as indicated by Karssen (1980/8la), both the 
primary induction while on the mother plant and secondary induction in 
the independent seed, may result in full dormacy or in some form of 
relative dormancy. The full dormant state is that in which viable 
seeds are not able to germinate under any environmental condition, 
whereas relative dormancy refers to states in which germination is 
restricted to a certain range of environmental conditions (Vegis, 
1964). 
D. Mechanisms of Seed Dormancy 
The mechanisms by which seed dormancy is brought about have been 
discussed by Villiers (1975), Mayer and Poljakoff-Mayber (1982), Bewley 
and Black (1982 and 1985), and Egley and Duke (1985), among other 
authors. One or several of the following such mechanisms may be 
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responsible for preventing germination in a given situation: 
1. Impermeability of seed coats 
Impervious seed coats are frequently found within members of 
several families including Leguminosae, Malvaceae, Chenopodiaceae, 
Convoivulaceae, Solanaceae and Gramineae (Werker, 1980/81; Bewley and 
Black, 1985). This may be due to the presence of waxy cuticles, 
suberin, thick walled palisade and osteosclereid layers (Bewley and 
Black, 1985). Other seed coat components such as pectins, cutins, 
mucilages, and phenolic compounds may also account for rendering the 
seed impermeable (Taylorson and Hendricks, 1977; Mayer and Poljakoff-
Mayber, 1982; Bewley and Black, 1982; Egley and Duke, 1985). The 
effect of such impervious seed coats may be either to prevent water and 
oxygen uptake, or to preclude the release of carbon dioxide and other 
metabolites that may inhibit physiological processes required for 
germination (Mayer and Shain, 1974; Werker, 1980/81). Additionally, 
the seed coat itself may contain inhibitors, and also may prevent the 
entry or modify the characteristics of the light reaching the embryo 
(Bewley and Black, 1982). 
2. Embryonic inadequacy 
Embryos of some species are rudimentary and undifferentiated when 
the seeds are mature on the mother plant, and germination is delayed 
until differentiation is completed (Villiers, 1975). Moreover, even 
the well developed embryo in the intact seed may not be able to 
overcome the constraints to which is subjected, because it is 
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metabolically deficient in some way (Bewley and Black, 1985). Thus, 
the seed must be subjected to certain periods of time under appropriate 
conditions, including suitable temperature and moisture, in order to 
become able to germinate (Mayer and Poljakoff-Mayber, 1982). This 
process, known as after-ripening, is usually related to the climate and 
other environmental conditions to which the given species is adapted, 
and presumably is a requirement that has evolved as a mechanism to 
prevent germination when conditions are not suitable for growth (Mayer 
and Poljakoff-Mayber, 1982; Bewley and Black, 1982 and 1985). 
In addition to the growth and differentiation of the embryo, 
during the after-ripening process other chemical or physical changes 
may occur within the seed or seed coat. For example, substances 
promoting germination may appear or inhibitory ones may disappear; 
composition of the storage materials may alter; and, permeability of 
the seed coat may change (Mayer and Poljakoff-Mayber, 1982). However, 
such changes have not been well documented. 
3. Presence of inhibitors 
In many cases seed dormancy has been ascribed to the effect of 
substances that may inhibit metabolic processes and prevent growth. 
Among the most commonly reported is abscisic acid (ABA), which has been 
found to inhibit the RNA synthesis (Walbot et al., 1975; Ho and Varner, 
1976), and to interact with gibberellins (GA) and cytokinins (CK) 
(Sussex et al., 1975; Karssen, 1976; Dunlap and Morgan, 1977; Khan, 
1980/81). ABA can counteract the promotion of germination by red light 
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and GA3 in light-requiring seeds, and also the germination in darkness 
of some other seeds (Karssen, 1976). In Chenopodium album ABA has been 
found to inhibit the embryo growth necessary to penetrate the coverings 
of the seed, although the initial events of embryo expansion are not 
prevented (Karssen, 1976). 
According to the promoter-inhibitor hypothesis of dormancy 
control, which was first proposed for potato tubers by Hemberg (1949) 
and incorporated into a seed dormancy model by Amen (1968), the 
relative dormancy is given by a critical balance between the level of 
ABA, CK, and GA. Additionally, temperature seems to be an important 
factor involved in this response (Khan, 1980/81). The hypothesis on 
the role of ABA in seed dormancy has become considerably weakened by 
the fact that in several cases, it can either disappear or maintain 
high levels independently of the dormancy or germinability states of 
the seeds (Berrie et al., 1979; Walton, 1980/81; Wareing, 1982). 
Some other compounds that have been identified as germination 
inhibitors include phenolic compounds (Mayer and Evenari, 1952 and 
1953), coumarin (Lerner et al., 1959) and 18 other substances listed by 
Bewley and Black (,1982). 
Carbon dioxide (COg) may be accumulated within the seed as a 
result of its own metabolism, and may account for the inhibition of 
germination, although it is unlikely to be a primary cause of dormancy, 
and rather may be one of a complex of factors affecting the metabolism 
of dormant tissues (Villiers, 1975). In addition. Wesson and Wareing 
(1969a) found a gaseous inhibitor, other than COg, which may evolve 
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from Spergula arvensis seeds and accumulate in the soil atmosphere. 
Later, Holm (1972) found acetaldehyde, ethanol, and acetone as 
volatiles that were produced by Abutilon theophrasti, Ipomoea purpurea 
and Brassica kaber seeds, that where capable of inhibiting their 
germination. Taylorson (1978 and 1979), in turn, identified methanol, 
acetone, ethanol, and small hydrocarbons evolving from seeds of eight 
weed species while they were undergoing accelerated after-ripening, 
but, in contrast, none of those substances consistently displayed any 
relationship to the initial dormancy or changes in dormancy during the 
process. Berrie et al. (1979), on the other hand, found a significant 
correlation between the content of volatile fatty acids and the degree 
of dormancy in Avena fatua, and they suggested that the loss of such 
compounds may be implicated in the relief from dormancy during after-
ripening. 
4. Light requirement 
Seed dormancy may be imposed by mechanisms that require particular 
light conditions in order to be counteracted. This phenomenon has been 
referred to as positive photoblastism (Evenari et al., 1955) and is 
common among small seeded species such as Amananthus retroflexus, 
Chenopodium album, and many other annual weeds (Taylorson, 1982; 
Holzner et al., 1982; Grime, 1982; Smith and Morgan, 1983; Gutterman, 
1985). 
Seeds of some species are initially produced as photoblastic 
(e.g., Ammranthus retroflexus) while others develop the property (e.g.. 
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Echinochloa crus-galli) (Taylorson, 1970). Whether or not seeds 
produced by a species require light for germination has been reported 
by Cresswell and Grime (1981) as being associated to the chlorophyll 
content of structures surrounding the seeds when they reach maturity. 
The development of the light requirement by seeds may also evolve 
when they become shaded by plant canopies or buried in the soil. For 
seeds beneath canopies, this phenomenon has been interpreted as an 
adaptation to prevent germination under conditions of high competition 
that might be inadequate to support normal seedling growth (Gumming, 
1963; Galston et al., 1980; Gutterman, 1985); for buried seeds the role 
of such a dormancy mechanism is thought to be the avoidance of 
germination if the limited amount of food reserves could be exhausted 
before the seedling reaches the soil surface and becomes autotrophic 
(Gumming, 1963; Roberts, 1981; Egley and Duke, 1985). However, the 
physiological basis of such a phenomenon is not understood (Bewley and 
Black, 1982). 
The mechanisms for light responses will be discussed in greater 
detail in conjunction with the effect of light as a dormancy breaking 
factor. 
E. Fate of Weed Seeds Under Agricultural Situations 
After being shattered from parent plants and dispersed by several 
means, weed seeds may or may not be subjected to environmental 
conditions favorable for germination and subsequent growth. If they 
do, they may be still unable to germinate because of intrinsic 
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conditions that render them dormant, and they will germinate after 
experiencing conditions that overcome that state. If, on the other 
hand, environmental conditions are not appropriate when they have 
passed the primary dormancy period, their fate may be either, to die as 
a consequence of adverse factors, to withstand such adverse factors in 
a quiescent state awaiting proper conditions to germinate, or to 
develop secondary dormancy (Villiers, 1975; Karssen, 1980/8la, Egley 
and Duke, 1985). 
The location of weed seeds after dispersion may be very diverse, 
and so are the particular situations to which they may be subjected. 
However, under agricultural conditions two basic locations can be 
differentiated: a) seeds may remain on the soil surface; or b) seeds 
may become buried beneath the soil by means of natural phenomena or 
tillage practices. 
While on the soil surface, seeds are exposed to great 
environmental fluctuations, especially light variations, alternating 
temperatures, and moisture availability (Thompson et al., 1977; 
Karssen, 1982; Fenner, 1985); attack by pathogens and prédation by 
animals, may also be great. Under this situation gas exchange is 
facilitated and oxygen availability should not represent a major 
constraint for germination (Mayer and Poljakoff-Mayber, 1982). In 
contrast to seeds deposited on the surface of the soil, buried seeds 
are subjected to less drastic temperature fluctuations, and light would 
be essentially excluded (Currie, 1973; Woolley and Stoller, 1978), and 
gas exchange would be impaired (Fenner, 1985; Karssen, 1982). Under 
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this last situation, moisture availability is less likely to represent 
a major impedance for germination. 
Variations may also exist within each situation at the 
microtopographical level in the soil, and seed germination may be 
responsive to fine-scale differences (Harper et al., 1965; Silvertown, 
1982; Pareja and Staniforth, 1985). In this context. Harper et al. 
(1965) have used the term "safe site" to describe those specific 
conditions in the soil which provides stimuli for seeds to overcome 
dormancy, security to escape the hazards of the pre-germination phase, 
and availability of resources for growth. 
F. Dormancy Inception 
During the life-span of a seed, it may acquire dormancy at least 
two occasions: first, when the seed is still attached to the parent 
plant, it normally develops primary dormancy; secondly, when the seed 
has been dispersed and released from the primary dormancy, but it does 
not encounter appropriate conditions for germination, a secondary 
dormancy may develop. 
The inception of both types will be discussed separately, although 
it is unknown whether the mechanisms that operate in them are 
substantially different (Mayer and Poljakoff-Mayber, 1982; Chancellor, 
1982; Bewley and Black, 1985). From the foregoing it is obvious that 
the knowledge of how seeds become dormant is not conclusive (Bewley and 
Black, 1982). 
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1. Primary dormancy 
a. Effect of the genotype The onset of primary dormancy 
occurs during seed development and maturation; it is genetically 
controlled and thus varies from species to species. In Avena fatua, 
primary dormancy has been found in the embryo as early as 10 days after 
fertilization (Andrews and Simpson, 1969). In Portulaca oleracea and 
Sida spinosa, in contrast, the inception takes place when seeds are 
almost fully mature and this has been associated with oxidative 
processes that render their coats water-impermeable when natural drying 
begins (Egley, 1974; Egley et al., 1983). This process appears to be 
associated with the activity of catechol oxidase, which sharply rises 
during the late stages of maturation in Pisum elatius but not in Pisum 
sativum that does not develop this type of dormancy (Marbach and Mayer, 
1975). 
Also because of the genetic control of dormancy, contrasting 
degrees of dormancy can be found in natural populations of plants 
within the same species, as in Avena fatua (Andrews and Simpson, 1969)» 
Amaranthus retroflexus (McWilliams et al., 1968) Amaranthus powellii 
(Frost and Cavers, 1975), and Echinochloa oryzicola (Yamasue et al., 
1981). 
In a study conducted by Norris and Schoner (1980) in Setaria 
lutescens, there were differences in dormancy and requirements for 
germination among five biotypes from diverse geographical regions. 
These results were attributed to genetically controlled physiological 
differences. 
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An interesting effect that can also be associated to the genotype 
was reported by Cresswell and Grime (1981). They were able to 
demonstrate that the light requirement, often observed for germination 
of herbaceous species, is imposed during the course of maturation by 
the light-filtering properties of green maternal tissues which surround 
the developing seeds. If the surrounding tissue loses its chlorophyll 
before the seed is fully matured, it does not develop this type of 
dormancy and will germinate readily in the dark. 
b. Correlative effects The dormancy characteristics of seeds 
from the same parent are often correlated with their position in the 
inflorescence where they are produced. This phenomenon is particularly 
noticeable in certain families such as Compositae and Gramineae 
(Fenner, 1985). 
Bidens pilosa (Compositae), which was studied by Forsyth and Brown 
(1982), produces two types of seeds (achenes) which differ in size; the 
larger is produced in the center of the flowerhead and has virtually no 
dormancy; the smaller is produced in the perimeter and has high degree 
of dormancy. Analogous studies conducted on Gramineae species such as 
Aegilops ovata (Datta et al., 1970), and Avena ludoviciana (Morgan and 
Berrie, 1970), have demonstrated similar differences in seed dormancy 
attributable to the position where they were produced within the 
inflorescence. 
According to Fenner (1985), such differences in germination 
behavior between seeds from an individual plant may be due to 
variations in the microenvironment experienced by seeds in different 
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parts of an inflorescence. 
c. Effect of the environment Even though dormancy must have a 
genetic basis, there is a great deal of plasticity in genotypic 
expression due to correlative phenomena within the plant and the 
environment (Evenari, 1980/81; Chancellor, 1982; Taylorson, 1982; 
Bewley and Black, 1985). Hence, the environmental conditions under 
which the parent plant is grown has an important role in the inception 
of dormancy. In Chenopodium album, for example, Wentland (1965) found 
that plants grown under long day photoperiods (16-18 hr) produced 
higher percentages of dormant seeds than those grown under short day 
cycles (6-8 hr). Moreover, in this species Karssen (1970) was able to 
demonstrate that two different types of dormancy occur in response to 
light treatments on the parent plant: one was induced during the entire 
cycle by long day periods of 18 hr, and seemed to be related to the 
photosynthetic activity of the plant; the other was induced during the 
full flowering period by either long day cycles, or short day cycles in 
which the dark period was interrupted by red fluorescent light for an 
hour. The author suggested that the induction of this second type of 
dormancy may be regulated by the Pfr level during seed maturation. 
Karssen (1970) also reported that seeds from plants that were held 
under long days were smaller, had a thicker seed coat and were 
substantially more dormant than those from plants held under short 
days. In conjunction with this, Gutterman (1974) reported differences 
in germinability of Portulaca oleracea seeds produced under the 
influence of photoperiodic regimes and red-far-red treatments. 
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In flma-ranthus retroflexus not only the photoperiod but also the 
light intensity may affect the inception of dormancy. In a study 
conducted by Kigel et al. (1977), seeds from plants of this species 
that were matured under short (8 hr) days had short dormancy periods 
and they were even shorter if the plants were held under reduced (27 % 
of the normal) light intensity. Seeds from plants grown under long (16 
hr) days, on the other hand, had longer dormancy periods and the effect 
of shading the parent plants was nullified. 
The temperature experienced by the parent plants is another factor 
shown to be involved in the development of seed dormancy. In 
Chenopodium album, seeds matured on plants grown under continous 
temperatures of 22 C had more prolonged dormancy than those from plants 
that experienced alternating 22/12 C temperatures (Karssen, 1970). 
Analogous results have also been reported for Amaranthus retroflexus 
(Kigel et al., 1977), in which seeds matured on plants grown at 22/17 C 
were heavier and had lower germination than those from plants held at 
27/22 C, and for Avena fatua (Sawhney and Naylor, 1979), where dormancy 
was clearly more long-lasting for seeds developed at 20 C than at 28 C. 
The degree of dormancy in seeds of some species may be also 
influenced by the availability of nutrients by parent plants. For 
example, field applications of ammonium nitrate induced the production 
of higher germinating seeds in Avena fatua (Sexsmith and Pittman, 
1963), and Chenopodium album (Fawcett and Slife, 1978b). In the last 
case, seeds produced in plots treated with 280 kg/Ha accumulated 126.3 
ug/g N03 and germinated 34 %, as compared with the ones from the 
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control, which accumulated 18.7 ug/g and germinated 3 Thereby, the 
higher concentration of endogenous NO3 was suggested to act as a built-
in germination stimulator, resulting in less seed dormancy. 
Sub-lethal applications of herbicides on weeds are also potential 
modifiers of the dormancy characteristics of the seeds produced by 
surviving plants. Thus, less-dormant seeds were produced by ammranthus 
retroflexus plants treated with 2,4-D (Rojas-Garciduenas and Komedahl, 
i960), as well as A. retroflexus and Chenopodium album treated with 
dalapon and Setaria faberi with 2,4-D (Fawcett and Slife, 1978a). 
Conversely, either more dormant or less viable seed was produced by 
Rumex crispus with 2,4-D (Maun and Cavers, 1969); by A. retroflexus 
and C. album with 2,4-D (Fawcett and Slife, 1978a), and by Abutilon 
theophrasti and Setaria faberi with early applications of 
chlorflurenol, chlorsulfuron, and glyphosate (Biniak and Aldrich, 
1986). 
The mechanisms for the onset of primary dormancy are essentially 
unknown. However, Gutterman (1980/81) has concluded that the 
phenotypic maternal effects during seed maturation that affect seed 
germination are connected somehow to the hormonal system of the plant, 
and that the accumulation of a particular hormone produces differences 
in a chain of reactions that lead eventually to changes in the 
germination process and the growth associated with the replication of 
the DNA. 
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2. Secondary dormancy 
According to Karssen (1980/8la), secondary dormancy develops after 
dispersal or harvest in seeds that are primarily non-dormant or have 
emerged partly or fully from primary dormancy. Furthermore, secondary 
dormancy is essentially imposed upon seeds after an environmental 
inhibition of germination, and is characterized by a change in the 
requirements that seeds originally had for germination, so that they 
now require a new set of conditions (Villiers, 1975). 
Several factors such as moisture conditions, extreme temperatures, 
absence of light or oxygen, presence of volatile, or allelopathic 
inhibitors, have been implicated in the inception of secondary dormancy 
(Karssen, 1980/8la, 1980/8lb). Seeds buried in soil are more subject 
to the effect of most of these factors. The mechanisms underlying the 
onset of secondary dormancy are virtually unknown (Bewley and Black, 
1982). They are assumed to be similar to those operating for primary 
dormancy (Mayer and Poljakoff-Mayber, 1982; Chancellor, 1982; Bewley 
and Black, 1985). Nevertheless, some differences should be established 
since primary dormancy is commonly and principally imposed by 
impermeability of the seed coat or inadequacy of the embryo which, by 
definition, are constraints that should be overcome before the seed 
enters into secondary dormancy (Karssen, 1980/8la). 
a. Moisture conditions Secondary dormancy may evolve as a 
consequence of the seeds being unable to meet suitable moisture 
conditions for germination, and this dormancy-imposing mechanism is 
found particularly in plants which inhabit areas with hot dry seasons 
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(Villiers, 1975; Staniforth and Cavers, 1979). It is remarkable, 
however, that in most of the cases seeds which are capable of 
developing secondary dormancy maintain their viability for prolonged 
periods, while buried in the soil in an imbibed state (Villiers, 1975; 
Karssen, 1980/81b; Iran and Cavanagh, 1984). This is apparently 
accomplished because, in contrast to dry seeds, the imbibed seeds have 
an enhanced capacity to maintain a regular turnover of cellular 
constituents, and so can continually repair any cytological damage they 
may suffer during the aging process (Villiers, 1974 and 1975; Osborne, 
1977). Biochemical support for this hypothesis was provided by Cumming 
and Osborne (1978), who demonstrated that in dormant but imbibed 
embryos of Avena fatua, the turnover of membrane proteins was 
comparable with that in germinating embryos. 
b. Extreme temperatures Each species has a minimum, optimum 
and maximum temperatures for germination (Heydecker, 1977; Mayer and 
Poljakoff-Mayber, 1982). According to the theory developed by Vegis 
(1964), these limits may vary progressively as dormancy is either 
imposed or relieved, in such a way that the response to temperature may 
be different for the predormancy, dormancy and postdormancy phases of 
the seed. 
Seeds that are held for certain periods under sub-optimal 
temperatures may develop secondary dormancy (Heydecker, 1977; 
Taylorson, 1982; Mayer and Poljakoff-Mayber, 1982; Iran and Canavagh, 
1984 ). This phenomenon has been termed thermodormancy and can be 
imposed and overcome in cyclic patterns in response to seasonal 
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temperature variations. For example, Courtney (1968) found that 
Polygontmi aviculare seeds that were buried in soil and removed in 
December had little germination when tested at 8, 12 or 23 C; the 
germination capacity increased during the winter up to 70% in mid 
February, then fell sharply in April and seeds remained dormant until 
early December, when they began to regain the ability to germinate, 
which increased during the winter. This cyclic pattern was repeated 
through the second year of the experiment. When the germination was 
tested at 4 C, however, it was always high during the testing period, 
indicating that dormancy was relative and expressed as a restricted 
temperature requirement for germination. Comparable results were 
obtained by Staniforth and Cavers (1979) and Karssen (1980/8lb) for 
Polygonijm persicaria. 
In Rumex crispus, secondary dormancy is prevented at temperatures 
below 5 C, but develops at increased rates as temperatures are raised 
from 5 up to 37 C, when the rate of induction decreases (Taylorson and 
Hendricks, 1973b). In this species, secondary dormancy can be overcome 
by either a brief treatment at 40 C or a prolonged one at 5 C 
(Taylorson and Hendricks, 1972c). In contrast, secondary dormancy was 
imposed by low winter temperatures and overcome by summer temperatures 
in Veronica hederaefolia (Roberts and Lockett, 1978) and in Chenopodium 
album (Karssen, 1980/81b). 
While speculating about an explanation for the induction of 
secondary dormancy by supraoptimal temperatures, Taylorson (1982) 
suggested that it may be due to an impairment of membrane function(s). 
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which in turn imposes a restriction for the action of phytcchrome. 
c. Effect of burial Seeds of many light-sensitive species 
enter secondary dormancy after excessively long or high temperature 
dark imbibition (Taylorson and Hendricks, 1973b). This condition can 
occur in nature when seeds become buried in the soil (Karssen 
1980/8la), and the resulting inhibition of germination can be 
proportional to the depth of burial (Holm, 1972; Frankland and Poo, 
1980). In addition to changes in the temperature regime at different 
depths, other factors may be involved in such response. Since 
penetration of light into the soil is restricted to the upper few 
millimeters (Currie, 1973; Woolley and Stoller, 1978), the lack of 
light may certainly be the inhibiting factor for most of the buried 
seeds, which indeed develop light-sensitivity dormancy (Smith and 
Morgan, 1983). However, Holm (1972) found that such inhibition may 
also occur for light-insensitive seeds, which are capable for 
germination in complete darkness. The depletion of oxygen or the 
increased CO2 levels beneath the soil are possibilities for explaining 
this phenomenon (Sells, 1965; Popay and Roberts, 1970; Pareja and 
Staniforth, 1985). Nevertheless, the accumulated evidence is not 
conclusive because the naturally occurring concentration of such gases 
in the soil rarely exceeds the limits required for causing the 
inhibition, although it has been suggested that the gas composition in 
the inmediate vicinity of a seed might be significantly different from 
the average for the soil (Karssen, 1980/8la; Taylorson, 1982). 
On the other hand, more cases have been reported which suggest 
26 
that secondary dormancy takes place under aerobic conditions, since it 
falls to occur in seeds held in a nitrogen atmosphere (Bewley and 
Black, 1982). Additionally, non-buried seeds may also enter into 
secondary dormancy, either when shaded by plant canopies (Silvertown, 
1980) or when exposed to high irradiation for prolonged periods (Smith, 
1975; Bewley and Black, 1982; Bartley and Frankland, 1982; Frankland 
and Taylorson, 1983). 
d. Presence of volatile or allelopatic Inhibitors As discussed 
in section D 3, some evidence indicates that seeds may yield volatile 
compounds which accumulate in the soil and could inhibit germination 
(Wesson and Wearing, 1969a; Holm, 1972; Berrie et al., 1979). In 
addition, allelopathic compounds may also induce secondary dormancy of 
seeds. For example, Jackson and Willemsen (1976) indicate that in the 
second stage of succession, early invaders and second year perennials 
may excrete phenolic acids which inhibit germination of the first year 
annuals. Furthermore, when seeds are placed close together inhibition 
of germination may occur because of chemical interactions that probably 
Involve water soluble compounds which are leached from neighboring 
seeds (Fenner, 1985). 
G. Dormancy Breaking 
Several authors (Mayer and Poljakoff-Mayber, 1982; Bewley and 
Black, 1982; Fenner, 1985) have pointed out that breaking of dormancy 
does not in Itself constitute germination, but is a necessary 
prerequisite of it. Moreover, for practical purposes the breakdown of 
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dormancy is only recognizable after the seed has germinated. 
Sussman and Halvorson (1966) proposed that in the germination 
response of a dormant system there is a "triggering agent" (defined as 
a factor that elicits germination but whose continuous presence is not 
essential), and a "germination agent" (a factor whose continuous 
presence is required). While developing a model of seed dormancy, Amen 
(1968) indicated that the triggering agent may be either, a 
photochemical one as in photoblastic seeds, a thermochemical reaction 
as in both after-ripening and stratification, or an inhibitor-removing 
one as in scarification and leaching. The triggering agent would shift 
the balance of an inhibitor-promoter complex to favor the promoter; 
presumably this would be a hormone which plays the role of the 
germination agent (Amen, 1968). 
In nature, internal factors in the seed and external factors in 
its surrounding environment, may operate in the control of dormancy and 
subsequent germination (Bewley and Black, 1985). Many studies have 
been reported where dormancy breakdown was achieved and germination was 
promoted by artificial manipulations such as exogenous application of 
diverse kinds of substances (e.g.. Major and Roberts, 1968; Taylorson 
and Hendricks, 1979). Most of these investigations will be excluded 
from this discussion, which instead, will be focused on environmental 
factors that are thought to have the potential for breaking dormancy 
under field situations. 
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1. Environmental control of dormancy 
The dormant seed must respond to stimuli that indicate the 
likelihood of future conditions; otherwise seed dormancy would not 
provide survival benefits for the species (Villiers, 1975; Sussex, 
1978; Bewley and Black, 1982). Hence, in order to fit any model to the 
behavior of weed seeds in field situations, environmental factors 
should be identified as responsible for promoting the essential events 
in the process of dormancy breaking and germination. 
a. Effect of physical, mechanical and microbial factors 
Whenever seed dormancy is imposed by hard or impermeable coats, any 
process that induces weakening of the coats may be effective for 
overcoming dormancy under natural conditions. Such processes include 
mechanical abrasion, microbial attack, passage through the digestive 
tract of animals, fire and exposure to natural alternating high and low 
temperatures (Mayer and Poljakoff-Mayber, 1982; Iran and Cavanagh, 
1984). 
In addition, seeds of several species, especially within the 
family Papilionaceae, have in the seed coat a small structure called 
the strophiole or lens, which is lined with a layer of suberized cells 
which prevents the entry of water; this layer may be disrupted by 
temperature changes and then the plug can be lost by eruption, forming 
a strophiolar cleft (Mayer and Poljakoff-Mayber, 1982; Tran and 
Canavagh, 1984). Other potential openings in the seed coat, such as 
the hilum, micropyle and chalazal discontinuity, may also be similarly 
affected by physical factors and may account for the release of seeds 
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from dormancy, by rendering them permeable (Tran and Cavanagh, 1984). 
b. Effect of rainfall When seed dormancy results from the 
presence of inhibitors, it can be relieved simply by leaching, as in 
the case of Lepidium lasiocarpum and Lappula redowskLi, two desert 
annual species studied by Freas and Kemp (1983). Nevertheless, 
occasional umpredictable showers are not effective for overcoming this 
type of dormancy, as stated by Fenner (1985) on the basis of his 
previous work with thirty-two weed species from East Africa (Fenner, 
1980). Thus, in many arid environments appropriate water supply is the 
single dominant factor regulating germination (Villiers, 1975; 
Karssen, 1982). In some cases, however, the effect may be a 
consequence of the partial anaerobiosis caused by the presence of 
moisture, rather than the effect of water as an inhibitor leaching 
factor (Esashi et al., 1976). 
c. Effect of light and photochemical responses According to 
Smith (1975), seed dormancy and subsequent germination was one of the 
first processes to be recognized as being capable of photoregulation. 
Such an effect, that was termed photoblastism by Evenari et al. (1955), 
can be classified as positive or negative depending on the stimulatory 
or inhibitory effect of white light seed germination, both responses 
are regarded as two facets of a single phenomenon (Karssen, 1970; 
Smith, 1975). Yet, some seeds are not affected by white light and are 
called non-photoblastic. 
Several authors (Smith and Morgan, 1983; Holzner et al., 1982; 
Fenner, 1985) have pointed out that the germination of many weed 
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species is promoted by light, and that this response is a protection 
against germination in soil layers deeper than such small seeded 
species can afford. Accordingly, Taylorson (1982) has remarked that 
except for seeds having barriers to water uptake and larger seeded 
species, the rule in wild species is that germination is controlled by 
phytochrome, the photoreceptor whose fundamental function is to 
percieve natural changes in light quality (Smith and Morgan, 1983; 
Ross, 1984). This function is accomplished by means of the property of 
phytochrome to change its chemical structure from an inactive (Pr) 
form, to an active (Pfr) one, as affected by exposure to red (660 nm) 
light; in turn, this process is reversed by far-red (730 nm) light 
(Flint and McAllister, 1935; Nobel, 1974; Smith, 1975; Larcher, 1980). 
Furthermore, since the absorption spectra of Pr and Pfr overlap 
throughout the visible range under natural conditions the state of 
phytochrome is determined by the ratio red/far-red in the light 
impinging the seeds (Smith, 1973; Smith and Morgan, 1983). By virtue 
of this phenomenon, positive photobiastic seeds can readily germinate 
in open sites where they receive a higher proportion of red light, 
while germination may be inhibited for seeds beneath plant canopies, 
where most of their phytochrome is in the inactive Pr form. This 
occurs as a result, not only of the low irradiation reaching the seeds, 
but also because of the higher proportion of inhibiting far-red light, 
which can be five to ten times higher as the red light is filtered out 
by the leaves (Nobel, 1974; Larcher, 1980; Holzner et al., 1982; 
Taylorson, 1982). 
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Thus, light quality is an environmental feature which is 
apparently used by seeds for detecting gaps in the field canopy 
(Fenner, 1985). In this connection, Silvertown (1982) has indicated 
that perhaps one of the most important factors which determines the 
spatial patterns of seedling emergence in the field is the 
microdistribution of the leaf canopies of established plants. In 
agreement with this, Taylorson (1982) has stressed that, assuming other 
requirements are adequate, the species composition of a given site may 
be determined by the earliness of germination and/or the relative 
sensitivity to the incident irradiation. 
Another important aspect of the role of phytochrome is that the 
Pfr form reverts spontaneously to Pr over a period of hours in the 
dark, this reversion is hastened by high temperatures (Nobel, 1974; 
Smith, 1975; Galston et al., 1980; Bewley and Black, 1982). Hence, the 
length of the night, in conjunction with the temperature regime becomes 
an important variable for photoperiodic responses affected by Pfr and, 
presumably, this provides a reliable timing mechanism for plants to 
initiate certain physiological responses at the appropriate time or 
season (Smith, 1975). 
The reversibility of Pfr to Pr in the dark may explain the results 
obtained by Wesson and Wareing (1969a and 1969b), and Karssen (1980/8la 
and 1980/81b) in which weed seeds acquired light sensitivity while 
buried in the soil. Thus, fresh weed seeds that may contain enough Pfr 
to germinate, can become dormant when buried underground because it 
reverts to the inactive Pr form. Thereafter, they can germinate only 
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when brought to the soil surface by tillage practices, as they regain 
the Pfr when exposed to light (Galston et al., 1980; Taylorson, 1982). 
Thereby, the dark reversibility of Pfr to Pr arises as an important 
phenomenon with practical implications for management under 
agricultural situations. In such a case, however, it is important to 
take into account that the dark reversion is enhanced by high 
temperatures (Nobel, 1974; Smith, 1975; Galston et al., 1980) and, 
conversely, low temperatures (prechilling) may prevent the reversion or 
decay of the préexistent Pfr (Taylorson, 1982; Egley and Duke, 1985). 
Moreover, some intermediate steps in the interconversion of Pfr and Pr 
only can take place under adequate moisture levels (Taylorson, 1982; 
Bewley and Black, 1982; Frankland and Taylorson, 1983). Hence, if 
environmental conditions are cold and dry, neither the dark reversion 
of Pfr or the conversion of Pr into Pfr in presence of red light can be 
carried out (Taylorson and Hendricks, 1972a; Taylorson, 1982; Bewley 
and Black, 1982; Frankland and Taylorson, 1983). 
While analyzing the possible action of phytochrome in germination 
of seeds, it is also important to bear in mind that in the cases where 
germination takes place in darkness the role of phytochrome should not 
necessarily be ruled out, since if the Pfr content in the seed is 
sufficient or it could be produced as hydration proceeds, without light 
intervention (Taylorson and Hendricks, 1972c; Taylorson, 1982). 
Summarizing the role of the phytochrome system in seeds, Ross 
(1984) has indicated that in elementary terms this can be thought as 
having two major functions: a) To distinguish light from darkness. 
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i.e., to determine whether the seed is on the surface or beneath the 
soil; b) To interpret the light quality, i.e., to assess whether the 
seed is under an appreciable leaf canopy, and therefore the seedling 
would likely experience competition for photosynthetically active 
light. The role of phytochrome in response to light may be strongly 
associated with temperature and moisture conditions (Taylorson, 1982; 
Frankland and Taylorson, 1983). 
d. Effect of temperature Since temperature affects the 
physical state of seed components and regulates the rate at which they 
may react (Taylorson and Hendricks, 1977; Taylorson, 1982), it is 
obvious that soil temperature is an important factor involved in the 
germination process. Hence, for non-dormant seeds there is a range of 
temperature, characteristic for each species, over which germination 
takes place (Toole et al., 1956; Heydecker, 1977; Sutcliffe, 1977; 
Mayer and Poljakoff-Mayber, 1982). 
In addition, soil temperature, which shows both diurnal and 
seasonal changes through the soil profile (Egley and Duke, 1985), may 
account as a dormancy breaking factor in several ways, being involved 
in processes such as stratification (natural or artificial), 
prechilling and after-ripening. These phenomena will be discussed. 
1) Stratification and prechilling In temperate regions 
weed seed ripening and shed commonly take place in the autumn, when 
soil moisture and soil temperature conditions may be still adequate for 
germination. However, except for relatively few winter annual species, 
the subsequent conditions are not favorable for the survival of the 
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seedlings and thereby, most weed species have developed adaptations for 
preventing autumn germination (Sutcliffe, 1977; Mayer and Poljakoff-
Mayber, 1982). Therefore, seeds of summer annual weeds remain dormant 
in autumn and such dormancy is released after experiencing low 
temperatures during the winter, and thus they become able to germinate 
in spring (Courtney, 1968; Sutcliffe, 1977; Baskin and Baskin, 1980; 
Karssen, 1982). 
This adaptation is particularly notable in nontropical species, in 
which dormancy of hydrated seeds can be artificially broken by keeping 
them at temperatures in the range 1 - 10 C for few weeks up to several 
months (Bewley and Black, 1985). This treatment which is generally 
referred to as stratification, cold after-ripening or vernalization 
(Sutcliffe, 1977; Lewak and Rudnicki, 1977), substitutes for the 
conditions the seed would undergo in nature, and may be regarded as a 
process through which the seed undergoes low temperature after-ripening 
(Mayer and Poljakoff-Mayber, 1982; Taylorson, 1982). 
Stratification may be effective for breaking both primary and 
secondary dormancies, but is especially effective for those types 
imposed by the embryo (Lewak and Rudnicki, 1977; Bewley and Black, 
1985). 
According to Taylorson (1982), the initial contact with water can 
profoundly influence the subsequent physiology of the seed, and very 
low temperatures during this initial period can damage germination. 
This presumably occurs because low temperatures do not facilitate 
membrane and organelle reorganization, which is essential for them to 
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become functional (Mayer and Marbach, 1981). In light-responsive 
species, however, lowering the temperature of imbibition to about 5 or 
10 C for few days (prechilling), often results in increased dark 
germination at subsequent favorable temperatures ; this may be because 
prechilling affords a reduced rate of preexisting Pfr (Taylorson and 
Hendricks, 1969; Taylorson, 1982; Egley and Duke, 1985). 
It is quite obvious that changes occur in the seed during the 
stratification and prechilling processes (Sutcliffe, 1977; Mayer and 
Poljakoff-Mayber, 1982). The embryo of some seeds has been found to 
grow and profound biochemical changes in the seed have been reported. 
These changes include reductions in inhibitory substances and increases 
in growth-promoters, but they have showed remarkable inconsistencies 
(Sutcliffe, 1977). Moreover, very little is known about how those 
changes bring about the breakdown of the seed dormancy (Taylorson, 
1982; Bewley and Black, 1985). This has been recognized by Mayer and 
Poljakoff-Mayber (1982) in their statement that "from the numerous 
investigations which have been carried out it is not possible to point 
to any one metabolic event which is directly responsible for dormancy 
breaking by stratification". Regarding this, Lewak and Rudnicki (1977) 
have indicated that the major constraint for understanding the effect 
of low temperatures as a dormancy breaking factor, is that the specific 
receptor or sensor for the low temperature stimulus, has not yet been 
identified nor does it seem likely that it ever will be. 
2) After-ripening Dry seeds containing 10 % or even 
less moisture are subject to a temperature dependent after-ripening 
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process, which progressively decreases seed dormancy (Taylorson and 
Brown, 1977; Taylorson, 1982). The process may require as little time 
as few weeks (e.g., Hordeum vulgare) or as long as 60 months (e.g., 
Rumex crispus), and its rate depends on the environmental conditions, 
including moisture and oxygen, in addition to temperature (Lewak and 
Rudnicki, 1977; Bewley and Black, 1985). 
The after-ripening process can be accelerated by dry and hot 
periods under field conditions, or artificially, by heating seeds in an 
enclosure to prevent water loss. In an experiment conducted by 
Taylorson and Brown (1977), for example, the after-ripening for seeds 
of 14 grasses, including Digitaria sanguinalis, Echinochloa crus-galli 
and Setaria lutescens was accelerated by treatments at 50 C for 14 
days. 
While the effects of after-ripening are readily observable as a 
lessening of the dormant state, the events leading to this are not 
understood. Presumably, the results are partly explained by loss of an 
inhibitor that initially prevents the seed from responding to light or 
other stimuli! (Taylorson, 1982). Such events have been suggested to 
involve changes in the amounts of certain metabolites and regulating 
substances, and changes in enzymatic activities in conjunction with 
respiration and mobilization of storage reserves (Lewak and Rudnicki, 
1977). However, this does not discriminate which processes related to 
the removal of dormancy and which ones are related to the early stages 
of germination. 
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3) Effect of alternating temperatures As noted earlier, 
alternating high/low temperatures can contribute to overcoming seed 
dormancy caused by strength or impermeability of seed coats. In 
addition to this physical effect, alternating temperatures have been 
reported as either, breaking dormancy or enhancing germination, by 
means of processes that seem to be physiological in nature. 
Studies conducted by Thompson et al. (1977) have compared the 
germination response to diurnal fluctuation of temperatures for 112 
species. Forty-six of them exhibit a positive response, especially 
when they were tested in the dark. Since most of the responsive 
species were typical of disturbed ground and grasslands, such response 
is thought to be an effective method for restricting germination to 
gaps within the vegetation, which are devoid of the covering that 
insulates the soil surface against large temperature fluctuations 
(Fenner, 1985). Additionally, under common agricultural situations, 
the response to alternating temperatures may provide the weed seeds 
with a depth-sensing mechanism, since only seeds near the surface will 
experience fluctuations of sufficient amplitude to be able to germinate 
(Sutcliffe, 1977; Fenner, 1985). 
How fluctuating temperatures can induce such a germination 
promoting effect is still not clear, but it has been suggested that 
they may increase the permeability of membranes, or may act in 
connection with the action and preservation of phytochrome (Sutcliffe, 
1977; Bewley and Black, 1982). Besides, Toole et al. (1956) had 
suggested earlier that as a result of the differences in temperature 
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dependence of reaction rates, respiratory intermediates may accumulate 
during the high temperature part of the cycle, which is unfavorable for 
germination, and become available for supporting other processes during 
the low temperature part of the cycle, which is not favorable for 
respiration. This hypothesis has had relatively little experimental 
support. 
e. Effect of nitrate The nitrate ion is the most common soil 
chemical which is known to promote germination (Fenner, 1985). In a 
study conducted by Steinbauer and Grigsby (1957), about half of the 85 
species tested showed a positive response to nitrate. This response, 
however occurred in many cases only in combination with certain other 
environmental conditions such as light and fluctuating temperature, 
which has been also corroborated by other authors (Popay and Roberts, 
1970; Vincent and Roberts, 1977; Roberts, 1981). 
The ability to respond to nitrate has been interpreted by Fenner 
(1985) as a cue to detect the most favorable season to germinate, since 
the concentrations of this component fluctuates seasonally in the soil 
as a consequence of the changing activity of soil microorganisms. 
Support for this hypothesis has been provided by Popay and Roberts 
(1970), who found that the emergence of Capsella bursa-pastoris and 
Senecio vulgaris was more closely associated to changes in soil nitrate 
content than with any other factor. 
f. Effect of soil disturbance Sudden weed germination fluxes 
can be observed in the field after soil disturbance through tillage 
practices. This phenomenon has been well documented by several authors 
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(Bibbey, 1935; Chepil, 1946; Courtney, 1968; Wesson and Wareing, 1969a; 
Villiers, 1975; Becker, 1978; Roberts and Potter, 1980; Froud-Williams 
et al., 1984), and obviously involves seed dormancy breaking. 
Several factors change in the soil when it is disturbed, and one 
or more of them, probably interacting together, could be responsible 
for such an effect. Among the most obvious changes due to these 
factors are illumination, aeration, temperature, humidity, soil 
compaction and microorganisms activity (Wesson and Wareing, 1969b). It 
is difficult, however, to identify which of those factors account for 
the breakdown of dormancy when the soil is disturbed under given 
circumstances. 
2. Metabolic processes during dormancy breakdown 
Dormant seeds may lack some essential metabolic process or a 
coupling between metabolism and cell extension in the embryonic root 
(Frankland and Taylorson, 1983). Hence, whatever the factors involved 
in dormancy breaking are, the ultimate response must be conducive to 
the modification (triggering or restraining) of such physiological 
processes. 
After a detailed discussion of the transition from the resting to 
the germinating state in seeds, Mayer and Marbach (1981) have indicated 
that among the earliest detectable events are changes in membrane 
components and in ultrastructure of various organelles, accompanied by 
rapid production of ATP and a rise in the energy charge. 
Simultaneously, the metabolism of nucleic acids is initiated, long 
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lived mHNA is translated and new mRNA is formed. At about this stage, 
new proteins are synthesized and this is preceded or accompanied by the 
initiation of the activity of existing enzymes or their activation, DNA 
synthesis being a later process. All these processes are accompanied 
by breakdown of storage materials. 
Roberts (1973) developed an hypothesis according to which the 
breakdown of dormancy involves, as a major process, a shift in 
respiration from the glycolytic and tricarboxylic acids cycle (Kreb's 
cycle) pathways, into the pentose phosphate pathway (PPP). This 
hypothesis has been substantiated particularly by work with inhibitors 
of the Kreb's cycle that have been reported as stimulators for 
germination in several species (Major and Roberts, 1968; Simmonds and 
Simpson, 1971 and 1972; Taylorson and Hendricks, 1973a; Ashihara and 
Matsumara, 1977). Additionally, the breakdown of dormancy during the 
dry after-ripening process, which in turn is accelerated by high 
temperatures and oxygen levels (Roberts, 1962 and 1965), has been 
observed to be associated with an increased activity of the PPP. 
According to Roberts and Smith (1977), there is no direct evidence 
that the PPP is involved in the loss of dormancy by dry after-ripening, 
but it is conceivable that such a pathway might operate during the 
process; otherwise dry after-ripening could potentiate the PPP so that 
it can operate immediately after imbibition. 
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III. MATERIALS AND METHODS 
A. Species 
Experiments were conducted with seeds of three broadleaf weed 
1 species, i.e., Amaranthus retroflexus L. (AMARE), Chenopodiiun album 
L. (CHEAL) and Polygonum pensylvanicum L. (POLPY), and'caryopses 
(hereafter referred also as seeds) of three grasses, i.e., Digitaria 
sanguinalis (L.)Scop. (DIGSA), Echinochloa crus-galli (L.)Beauv. 
(ECHCG) and Setaria glauca (L.)Beauv. (SETLU). 
The criteria for selecting these species were their importance as 
weeds in Iowa and their patterns of emergence as observed in the field. 
Since a wide range in such patterns was desired for the study, POLPY 
and CHEAL were chosen as early germinating species, and SETLU and DIGSA 
as late germinating ones. ECHCG and AMARE, in turn, may exhibit two or 
more less identifiable peaks of emergence. Since the seed dormancy 
characteristics of AMARE and CHEAL have been studied in much greater 
detail than the others, an additional criterion for their selection was 
to have them for reference to other studies. 
B. Seed Collection and Preparation 
Seeds used in the experiments were harvested during August and 
September of both 1983 and 1984. Specific collection dates are given 
in Table 1. 
The seed was harvested from a site which had been fallowed for a 
T 
Abbreviations in parentheses are the Weed Science Society of 
America (1984) approved computer codes for weeds. 
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Table 1. Collection date, average size and weight for seeds used in the 
experiments 
a Collection date b 
Species Code Size Avg.wt. 
1983 1984 (mm) (mg/seed) 
Amaranthus retroflexus L. AMARE 9/25 9/03 0 .8 0. 36 
Chenopodium album L. CHEAL 10/13 9/30 1 .3 0. 60 
Polygonum pensylvanicum L. POLPY 9/21 9/14 3 .2 5. 40 
Digitaria sanguinalis (L.)Scop. DIGSA 9/04 8/25 3 .1 0. 56 
Echinochloa crus-galli (L.)Beauv. ECHCG 8/05 8/22 3 .7 2. 64 
Setaria glauca (L.)Beauv. SETLU 9/22 9/12 3 .4 3. 10 
a 
Weed Sci. Soc. of America (1984) approved computer code for weeds. 
b 
Average for maximum dimension (length or diameter) as measured with 
a vernier (General No.728, USA). 
period of one year, at the Curtiss Experimental Farm, West Ames, except 
for the 1984 DIGSA seed which was collected in Hawthorn garden plots, 
north of the Iowa State University Campus. 
Seeds from selected plants were harvested vrtien they were mature 
and had begun to be naturally detached. Collection was hastened by 
gently rubbing or shaking the inflorescences over trays or screens 
placed on the soil. 
Seeds were prepared for experiments by first removing the large 
debris and then allowing them to dry exposed to air under laboratory 
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conditions, while they were periodically mixed. This process was 
carried out over three weeks for seeds collected in 1983, and over one 
week for those collected in 1984. Thereafter seeds were cleaned in a 
seed blower (model A No 42, Ames Powercount Co., Brookings, South 
Dakota), and sieved through appropriate screens in order to standardize 
weight and size within each species. The resulting weights and sizes 
per seed are shown in Table 1. Before cleaning CHEAL and POLPY seeds 
they were gently rubbed to detach the remains of the flowers and other 
structures. 
As some fungi were observed growing in germination tests of 1983 
seeds, especially in CHEAL, POLPY and SETLU, the 1984 seeds were then 
spread on trays and sprayed with a 2 g/1 suspension of Thiram-Maneb 
fungicide (Stauffer Chemical Co.) in distilled water. Finally the 
seeds, after drying in the greenhouse for one day, were stored in 
stoppered amber glass jars at 10 C and 40 % relative humidity, until 
used for the experiments. 
C. Germination Tests 
The dormancy state of the seeds during the experiments was 
evaluated by germination tests. The tests were conducted both in 
growth chamber (Percival, Boone, Iowa) and in the greenhouse (PPSW, 
Iowa State University) conditions. For the growth chamber tests, 9x9 
cm square Petri dishes (Falcon, Oxnard, California) with two layers of 
blotter paper (James River Paper Co., Richmond, Virginia) were used; 
for the greenhouse tests, 10x10x9 cm square plastic pots (Kord 
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Products, Toronto, Canada) with 400 g of soil each, were used. The 
soil consisted in a mixture of 25 % sand, 25 $ peat and 50 % loam soil, 
which was sifted through a 9 mesh/square inch screen and then 
pasteurized in a steam aereator (Linding, St. Paul, Minnesota). The 
pasteurization process was done to eliminate the viability of soil-
bome seeds. The soil was pasteurized by raising the temperature from 
approximately 20 C to 75 C within 30 minutes, then, after one hour at 
75 C, it was cooled to 20 C within a 30 minute period. 
Moisture for germination was provided in the Petri dishes by 
adding 12 ml distilled water at planting time; additionally, a 2 g/1 
suspension of Thiram-Maneb fungicide (Stauffer Chem. Co.) in water was 
sprayed in the dishes after planting the 1983 seed germination tests, 
to prevent fungal infection. For the 1984 seeds however, a 1 g/1 
suspension of Botran fungicide (Tuco Div., Upjohn Co.) was used 
instead, as it was observed to be more effective. The dishes were 
arranged at random by replication and enclosed in transparent 27.5 x 20 
X 10 cm plastic boxes (crispers) to prevent loss of moisture; an 
additional 3 ml of water per dish was added on the fifth day, to 
replace the water condensed on the dishes and crisper walls. In the 
greenhouse tests, moisture was supplied by watering the pots once or 
twice a day as required to keep the soil approximately at field 
capacity. 
In each Petri dish or plastic pot, fifty seeds were set 1 cm apart 
using a vacuum counting device; three, or five replications were placed 
in each case. Germination counts were taken at 10 days for growth 
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chamber tests and over a 30 day period for the greenhouse tests. The 
protrusion of the radicle as observable either by the naked eye or 
through a 10 X magnifier lens, was the criterion for germination in the 
first case, while the observable emergence of seedlings was used for 
tests in the greenhouse. 
The growth chamber temperature was adjusted to 25 ± 1 C. In the 
greenhouse, natural variations in temperature were counteracted by a 
gas-heating system during winter time or by a water-evaporative cooling 
system during the summer, in order to keep temperatures in the 20 to 30 
C range. Occasionally, however, this was not successful and greater 
fluctuations occurred. Thus, temperatures as high as 38 C and as low 
as 14 C were recorded in the greenhouse during tests conducted in July 
1984 and January 1985, respectively. The cooling system was improved 
by the summer 1985 and fluctuation was reduced thereafter. 
The daily temperature fluctuation for pots in the greenhouse was 
measured from January 11 to 29, 1985 :fith CR-21 micrologger (Campbell 
Scientific Inc., Logan, Utah) equipped with thermistors. The typical 
amplitude of fluctuation ranged from 10 to 13 C on the soil surface, 
and from 4 to 9 C at 2 cm beneath the soil. For other periods, air 
temperature in the greenhouse was recorded with an hydrothermograph 
(Belfort, Co. USA). 
Most of the tests in the growth chamber were conducted under both 
light and dark conditions. Light was supplied by both incandescent 
bulbs and fluorescent tubes, which provided an average of 135 uE s-1 m-
2 as measured with a LI-188B quantum/radiometer/photometer (Li-Cor 
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Inc., USA). The spectral composition of this light, as determined by a 
spectroradiophotometer ISCO model SR (Instrumentation Specialities Co. 
Inc., USA), is shown in Fig. 1. For tests under light, illumination 
cycles of 12 hours light and 12 hours dark were used. For tests under 
dark conditions, the crispers containing the dishes were wrapped with 
two layers of heavy duty aluminum foil to preclude light penetration, 
and then arranged at random along with the light-receiving treatments. 
Planting, watering and other manipulations were made under low 
intensity (0.09 uE s-1 m-2) safety green light. 
Most of the germination tests conducted in the greenhouse involved 
comparisons between seeds planted at a 2 cm depth, where light could be 
excluded as a germination factor, and seeds exposed to light on the 
soil surface. Light conditions in the greenhouse were as provided by 
natural sources, except for the attenuation effect brought about by a 
layer of Garland liquid shading compound (A.H. Hummert Seed Co., St. 
Louis, Missouri) sprayed on the glass roof and walls during the summer. 
Spectral composition of light in the greenhouse, as measured on 
September 11, 1985, is shown in Fig. 1. No alteration was made to the 
natural photoperiod, whose annual pattern for Ames, Iowa , is depicted 
in Fig. 2. 
Whenever practical and necessary, tetrazolium viability tests as 
described by Moore (1973) were used to distinguish between dormant and 
non-viable seeds. This could not be done on a systematic basis, 
however, because of the considerable difficulty that such testing 
procedure offers for small seeds like most of those in this study. 
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D. Experiments 
1. Effect of exposure to field conditions 
To evaluate the effect of the field environment on the dormancy 
characteristics of the seeds, they were planted in pots arranged in 
plastic carrying trays (Kord Products, Toronto, Canada), and then were 
taken to the Curtiss Experimental Farm to experience natural 
conditions. In this case, one hundred seeds were planted either on the 
soil surface or at a 2 cm depth, to simulate the two basic situations 
that weed seeds may face under agricultural situations. Fiber glass 9 
mesh/cm^  screens were placed covering the pots, to prevent the seeds 
from being blown away by wind, removed by rain drops or eaten by birds. 
Five replications of pots with the different treatments were 
removed monthly from the field to the greenhouse where adequate 
moisture and temperature, as described before, were provided for 
testing germination capacity. Germination of seeds that had been kept 
in storage at 10 C and 40 % relative humidity, was simultaneously 
tested for comparison. 
If emergence occurred in pots while in the field, (e.g., during 
May and June),"it was counted and added to that attained in the 
greenhouse. 
The experiments were arranged in the field as split plot designs 
with five replications for each species; the main plots were formed 
according to the month when the pots were retrieved from the field and 
the sub-plots were determined by the planting depths. 
One experiment for each species was conducted from January 15 to 
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July 15 1984 with seed collected in 1983; another was carried out from 
October 30 1984 to July 30, 1985 with seed collected in both 1983 and 
1984. 
Attempts were made to record soil temperatures in the site of the 
experiments with a CR21 micrologger (Campbell Scientific Inc., Logan, 
Utah). Unfortunately, due to an error in the operation of the 
instrument, the stored data were lost. Hence, the temperatures 
recorded at the Agricultural Engineering Farm, 5 miles west of the 
Curtiss Farm, are depicted in Fig. 3 for reference. 
2. Effect of after-ripening temperatures 
Seeds collected in 1983 were stored in either refrigerators or 
incubators adjusted at -20, -10, 0, 10 and 20 C. Three samples of 
approximately 15000 seeds of each species were placed in 5 cm diameter 
X 4 cm height stoppered cans, at each temperature. Germination tests 
were carried out at 2.5, 5, 7.5 and 15 months, to assess the effect of 
the temperature treatments upon the dormancy characteristics of the 
seeds. Similarly, seeds collected in 1984 were stored at -20, -10, 0, 
10, 20,30 and 40 C, and tested for germination at 2.5, 5 and 15 months. 
In this case, plastic containers of the same dimensions were used 
instead of cans for storing the seeds. 
The 0 C and lower temperatures were supplied by placing the seed 
samples in plastic boxes (crispers), in refrigerators. The 10 C and 
higher temperatures were established in incubators (National Appliance 
Co., Portland, Oregon) arranged in a cold room at 5 C and 60 to 65 % 
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relative humidity. A cloth sack with 100 g of CuSO^  crystals was 
placed in each crisper and oven, and replaced every month, in order to 
trap humidity. 
The experiments were arranged in either split-plot or split-split-
plot designs, where the storage temperatures composed the main plots, 
the germination tests periods the sub-plots, and the germination test 
conditions (when applicable) constituted the sub-sub-plots. 
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IV. RESULTS AND DISCUSSION 
The results are presented and discussed in alphabetical order by 
species, first for the field exposure experiments and then for the 
after-ripening temperatures. Except when otherwise indicated, the 
results were statistically different at the P<0.01 level, as shown in 
ANOVA tables in the Appendix. 
A. Initial Germination Tests 
The initial tests were performed on the seed shortly after 
harvest. Germination ranged from 0 to 10 $ for the 1983 seed, and from 
0 to 3 % for the 1984 seed (Table 2). This confirmed that all the six 
species included in this study exhibit a considerable degree of primary 
dormancy, which is reported to be responsible for the low field 
germination in newly produced seed (Amen, 1963; Vegis, 1964; Villiers, 
1975; Karssen, 1980/81a). 
B. Effect of Exposure to Field Conditions 
In a restricted sense, the corresponding controls for seeds 
subjected to the effect of field conditions should be planted in pots at 
the same time, carried to the field along with the others and protected 
from field weathering by keeping them under controlled conditions. 
Obviously, the practical difficulties which arise in large experiments 
are the reason that studies on seed behavior in the field very seldom, 
if ever, have true controls. In this study, the controls consisted of 
seeds from the same lots which were held at 10 C and 40 % RH, and whose 
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Table 2. Germination of seeds collected in 1983 and 1984, before use 
in the experiments, observed when planted in the greenhouse 
at 0 and 2 cm depth in pots with soil. Collection dates were 
as indicated in Table 1 ; germination tests were initiated on 
December 30, 1983 and October 2, 1984, respectively 
Germination (2) 
Species 1983 seed 1984 seed 
0 cm 2 cm 0 cm 2 cm 
Amaranthus retroflexus 4.2 10.0 1.7 2.3 
Chenopodium album 0.8 4.0 0.0 0.0 
Digitaria sanguinalis 6.2 0.8 2.7 2.0 
Echinochloa crus-galli 0.0 10.0 0.0 0.0 
Polygonum pensylvanicum 0.0 0.0 0.0 0.0 
Setaria glauca 1.0 4.8 1.3 0.0 
germination was tested monthly under the same conditions as those 
removed from the field. From the statistical standpoint, the data for 
both cases was treated separately and are included in the following 
tables and figures. 
1. Amaranthus retroflexus (AMARE) 
The response of AMARE seeds to the exposure to field conditions was 
erratic, which may be due to several factors and interactions among them 
involved in the regulation of their dormancy and germination. 
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The data from Table 3, illustrated in Fig. 4 A, show that seeds 
collected in 1983 and subjected to field conditions from January to 
February 1984, germinated 35.8 % when they were placed on the soil 
surface, and 47.2 % when buried at 2 cm depth. Thereafter, the 
germination capacity of the seeds on the surface remained constant until 
March and then increased abruptly up to 64.8 % in April, then dropping 
back to 35.0 % for the pots brought to the greenhouse in June. In 
contrast, the germination of the seeds that were planted at 2 cm depth 
markedly decreased from February until June, when only 16.4 % 
germination was attained. This behavior resulted in a significant 
interaction between the depth at which the seeds were planted and the 
months that they spent in the field (Table 30). 
One possible explanation for these results is that when freshly 
mature, the AMARE seeds may either contain a germination inhibitor or 
possess a hormonal imbalance which is responsible for the primary 
dormancy state. This initial constraint may disappear in a considerable 
proportion of seeds, when they experience low temperatures in the field 
or in the chamber where they are stored. This is in agreement with the 
observations by several authors (Courtney, 1968; Sutcliffe, 1977; Baskin 
and Baskin, 1980; Karssen, 1982) who indicated that seeds of summer 
annual weeds such as AMARE, remain dormant in autumn but are able to 
germinate in the spring, after experiencing low temperatures during the 
winter. The subsequent response of such seeds may be a function of the 
amount of Pfr (active form) that they contain. The level of Pfr was 
presumably sufficient to promote germination when the seeds were 
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Table 3 • Germination of Amaranthus retroflexus collected in 1983, 
after experiencing field conditions from January to June, 
1984, while planted in pots at 0 and 2 cm depth. Data for 
corresponding controls are included for comparison 
a 
Germination (?) 
b 
Months From field Control 
0 cm 2 cm 0 cm 2 cm 
Jan. — — — — 4.2 10.0 
Feb. 35.8 47.2 23.2 51.0 
Mar. 33.2 29.6 31.2 36.6 
Apr. 64.8 23.8 65.0 73.4 
May 36.4 18.4 46.6 86.0 
Jun. 35.0 16.4 44.0 73.4 
Lsd (0.05) 
Months 7.8 8.7 
Depths 5.0 3.6 
Months X depths 11.2 10.5 
a 
Cumulative emergence over 30 days in the greenhouse; average for 
five replications with 100 seeds each. 
b 
Seed that was held at 10 C and 40 % EH. 
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collected, but its effect could be precluded by some initial 
constraint. Thus, seeds retrieved from the field in February may have 
had a relatively higher germination when buried at 2 cm (Fig. 4 A) 
because their Pfr content was still adequate, as its reversion to Pr 
may have been prevented by low temperatures and low moisture 
availability in the frozen soil. Thereafter, when moisture became 
available in late March, the dark reversion of Pfr may have taken 
place. This reversion may be hastened by successive increases in soil 
temperature, thus moving the AMARE seeds into a secondary dormancy. 
Another possibility is that the gaseous environment surrounding the 
buried seeds could induce secondary dormancy. This could result from 
either, depletion of oxygen and/or enrichment with CO2 (Popay and 
Roberts, 1970; Karssen, 1980/8la), or the accumulation of other 
volatile substances evolving from the seeds (Holm, 1972; Taylorson, 
1978, 1979; Berrie et al., 1979). Those seeds would likely require 
soil disturbance to release them from such a condition, and this 
response may have practical implications. 
For seeds on the soil surface, the initial Pfr level may have been 
equilibrated through its interconversion with Pr because of the effect 
of high proportion of red light during daytime, the effect of far-red 
light-enriched conditions during sunset periods and the effect of dark 
reversion during nightime. Thus daylength may play an important role 
by determining the daily rates of Pfr production, as related to the 
rates of Pfr reversion. Accordingly, it may be speculated that, when 
the daylength is too short the daily produced Pfr would be nullified by 
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the nightly dark reversion. The Pfr production/reversion ratio would 
increase progressively reaching an optimum in April, when maximum 
germination occurs. The excessive irradiation impinging the seeds 
thereafter may cause the phytochrome to act as germination inhibitor 
(Negbi and Koller, 1964; Hartley and Frankland, 1982). 
Such explanations are in agreement with work on phytochrome 
behavior reported by several authors (Taylorson and Hendricks, 1973b; 
Smith, 1975; Taylorson, 1982; Frankland and Taylorson, 1983), and 
especially with Smith (1975), who indicated that both positive and 
negative photoblastism are simply two facets of a single phenomenon and 
only one photoreceptor is responsible for the two contrasting 
processes. Furthermore, this author stresses that for certain seeds, 
the extension of the daily period of illumination beyond a certain 
minimum period leads to a reduction in final germination. 
The 1983 AMARE seed also underwent modifications in germination 
capacity while stored at 10 C and 40 % RE. This seed, whose 
germination was tested simultaneously with those that experienced field 
conditions, showed significant differences for months, planting depths 
and for the interaction months x depths (Tables 3 and 30). A higher 
germination was achieved by seeds planted at 2 cm, and this germination 
had a tendency to increase over the time (Fig.4 B). Conversely, for 
seeds on the soil surface, the germination increased up to a maximum of 
65 % in April and then decreased in May and June, following a pattern 
that was not statistically different from the seeds subjected to field 
conditions. 
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This response may be explained by the Pfr/Ptotal ratio of the 
seeds, which may be relatively high in freshly mature seed and could 
remain unchanged during storage, even under dark conditions, as long as 
lack of moisture prevents its dark reversion to Pr. These seeds may 
germinate at increased rates as their primary dormancy is steadily 
broken. They exhibited such a response when planted at 2 cm with 
suitable moisture and temperature as provided in the greenhouse. When 
the seeds were placed on the soil surface the Pfr level was presumably 
regulated by the light-dark driven processes. This may be brought 
about by alternating increases or decreases in the Pfr concentration. 
Since in this experiment there were not significant differences in 
germination between the seeds exposed to field conditions on the soil 
surface, as compared with the controls, the processes leading to 
germination under such conditions appear to be a function of the 
prevailing environment in the greenhouse (especially the daylength) 
during the germination test period, rather than the conditions 
previously experienced by the seeds in the field. Whatley and Whatley 
(1980) stressed that the precession of daylength is the only truly 
constant environmental factor regulating plant growth, and it can be 
detected by the phytochrome system. 
The 1983 AMARE seeds germinated 29 2 at 0 cm and 64 $ at 2 cm, in 
germination tests performed in October 1984, before the initiation of 
the 1984-85 field experiment (Table 4). After experiencing field 
conditions from October to November 1984, the germination for seeds on 
the soil surface fell to 0.6 thereafter, they slowly regained 
Table 1. Germination of Amaranthus retroflexus seed collected in 1983 and 1984, when subjected 
to field conditions from October, 1984 to July, 1985, while planted in pots at 0 and 
2 cm depth. Data for corresponding controls are shown for comparison 
1983 seed 1984 seed 
From field Control From field Control 
Months 
0 cm 2 cm 0 cm 2 cm 0 cm 2 cm 0 cm 2 cm 
b 
(%) 
Oct. 84 29.0 64.0 1.7 2.3 
Nov. " 0.6 44.6 20.0 66.7 0.0 5.6 1.3 0.7 
Dec. " 5.4 5.0 2.0 44.0 1.0 3.0 0.0 2.7 
Jan. 85 11.4 3.0 14.0 45.7 4.8 2.4 5.3 9.7 
Feb. " 17.2 20.2 22.0 55.3 9.4 10.8 1.0 8.0 
Mar. " 26.6 2.4 47.7 72.3 29.6 5.8 2.0 5.7 
Apr. " 37.8 8.6 34.3 73.3 34.0 3.4 8.7 7.7 
May " 27.0 1.6 10.3 54.3 20.8 1.0 0.7 1.3 
Jun. " 17.8 1.8 41.7 58.3 17.8 0.8 11.7 1.3 
Jul. " 13.0 2.8 26.7 67.0 13.2 0.6 12.0 8.3 
Lsd (0.05) 
Months 4.5 9 .1 3.9 8.5 
Depths 1.8 3 .6 1.9 1.7 
Months X depths 5.9 12 .2 5.6 6.2 
a 
Seed that was held at 10 C and 40 % RH. 
b 
Cumulative emergence over 30 days in the greenhouse. Average for 5 reps, with 100 seeds each. 
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germination capacity up to April 1985 when they reached 37.8 % and 
then, a decreasing trend occurred through July 1985. This response was 
statistically different from the one observed for the control (Table 
4), in which a high germination occurred in March and June, and an 
unexpected low germination occurred in May 1985. However, by comparing 
both responses in Fig. 5, A and B, it can be noted that the trends in 
germination were similar for several months of the experiment, which is 
in agreement with the results of the first experiment. This suggests 
that for AMARE seeds on the soil surface, the conditions experienced in 
the field just previous to the germination have relatively little 
importance in breaking dormancy. It is more likely that the seasonal 
changes in germination observed in the field, are a function of the 
daylength and other concomitant factors occurring once the seeds are 
provided with suitable moisture and temperature. Several authors 
(Gumming, 1963; Courtney, 1968; Baskin and Baskin, 1977, 1978, 1981a, 
1981b,and 1986; Stoller and Wax, 1974; Chancellor, 1979; Karssen, 
1980/81b), have reported seasonal changes in germination of other 
species, which have been interpreted on the basis of temperature 
patterns. However, such data deal with seeds that were buried and then 
exhumed to test germination, and were under conditions different than 
those in the present study. 
It is remarkable that the 1983 collected AMARE seed that was 
planted at 2 cm, underwent a 30 % reduction in its initial 
germinability after exposure to field conditions during the first 
month, and a further 61 % reduction during the second month. 
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Thereafter, its germination remained very low, except for the test 
conducted in February 1985, when 20.2 % germination occurred (Table 4, 
Fig. 5 A). Such low germinability may be attributed to the initiation 
of secondary dormancy caused by the reversion of Pfr to Pr, as the 
buried seeds were subjected to dark conditions in presence of moisture 
during late fall and early winter. This situation may be similar to 
that promoted by the common fall practice of plowing. 
The germination percentages for the corresponding 1983 AMARE 
control seed planted at a 2 cm depth, were always higher than those for . 
seeds from the field, although there were some fluctuations (Fig. 5 B). 
This suggests that this seed had overcome most of its primary dormancy 
by May 1984, was able to maintain adequate levels of Pfr to allow it to 
germinate as soon as suitable conditions were provided. Thus, the 
observed fluctuations in germination may be due to slight changes in 
the temperature in the greenhouse over the testing months, which may 
cause a differential effect on activity of the Pfr of the seeds. 
Taylorson and Hendricks (1972c) have concluded from their study on 
Rumex crispus, that dark germination induced by temperature shifts 
arises from the interaction of pre-existent Pfr in the mature seeds, 
with the temperature shift. 
The data for 1984 AMARE seed in Table 4 and Fig. 6 reveal both 
differences and similarities with those for 1983 AMARE seed. The 
germination capacity for the 1984 seed was very low at the beginning of 
the 1984-85 experiment, and remained so when planted at 2 cm depth, 
either while subjected to field conditions or while stored at 10 C and 
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40 % RH. The primary dormancy which existed when the experiment 
was initiated, was not broken by either the field environment or the 
storage conditions. The 1984 seed was distinct as compared with the 
1983 seed, because a considerable proportion underwent a breakdown in 
primary dormancy under similar circumstances. There were differences 
within AMARE seed for collection years, in both the degree and the 
mechanisms of primary dormancy. Such features may vary due to 
genotypic traits (McWilliams et al., 1968) or the environmental 
conditions experienced by the mother plants (Kigel et al., 1977). 
Additionally, the slight differences in collection dates, drying 
procedures and other manipulations of the seeds, may have contributed 
to the differences. 
When the 1984 AMARE seed experienced the field conditions on the 
soil surface (Table 4; Fig. 6 A), the germination patterns were almost 
identical to those of the 1983 seed (Figs. 4 A and 5 A). In all three 
cases, the germination patterns can be associated with seasonal changes 
in field conditions such as daylength, soil temperature, soil moisture 
and nitrate availability, encountered by the seeds in the field before 
the germination tests were completed in the greenhouse. However, these 
appear to be a minor factor as compared to the prevailing conditions in 
the greenhouse itself, especially for seeds whose primary dormancy has 
been already broken. 
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2. Chenopodium album (CHEAL) 
The germination of 1983 collected CHEAL seed, when exposed to field 
conditions from January to June 1984, resulted in significant 
differences for the months when the pots were retrieved from the field, 
for the depths at which the seeds were planted and for the interaction 
months x depths (Table 32). 
An increase from 0.8 to 42 % in germination occurred for seeds 
stored on the soil surface in the field from January 15 to Febmiary 15, 
1984. Thereafter, the germination fell to 35.4 ( in March; then it 
reached a maximum of 47.2 in April and decreased again to 30.4 and 32.0 
% in May and June, respectively (Table 5; Fig. 7 A). When buried at 2 
cm depth, the germination consistently increased up to 58.6 ? in May and 
then diminished to 47.4 % in June. 
Such data indicate that a considerable proportion of the 1983 CHEAL 
seeds lost their primary dormancy due to the conditions prevailing in 
the field during the first months of the experiment. Seeds that were 
planted on the soil surface exhibited very similar germination patterns 
even though the seeds had been kept in storage at 10 G and 40 % RH. The 
effect of the field conditions in this case was to enhance germination 
at the beginning, which resulted in a more prominent germination peak in 
February, and to attenuate the induction of a type of secondary dormancy 
that seems to have occurred in the stored seed, as observed in Fig. 7 B 
for the May and June data. This suggests that in the 1983 CHEAL seed 
the initial dormancy state consisted of a light requirement which is 
replaceable by the low temperatures such as those that prevailed in the 
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Table 5. Germination of Chenopodium album seed collected in 1983, 
after experiencing field conditions from January to June, 
1984, while planted in pots at 0 and 2 cm depth. Data for 
corresponding controls are included for comparison 
a 
Germination (?) 
b 
Months From field Control 
0 cm 2 cm 0 cm 2 cm 
Jan. — — — — 0.8 4.0 
Feb. 42.4 34.0 29.2 2.4 
Mar. 35.4 52.2 29.4 7.2 
Apr. 47.2 57.2 54.0 5.4 
May 30.4 58.6 14.6 4.4 
Jun. 32.0 47.4 4.8 3.4 
Lsd (0.05) 
Months 4.5 2.5 
Depths 5.3 1.8 
Months X depths 10.8 4.3 
a 
Cumulative emergence over 30 days in the greenhouse; average for 
five replications with 100 seeds each. 
b 
Seed that was held at 10 C and 40 % RH. 
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field during January, February and March, 1984 (Fig. 3). Such a light 
requirement can be matched by the daylength and/or light quality 
conditions that occurred in the greenhouse in April, when the highest 
germination occurred. These conditions may result in a favorable 
balance between the transformation of Pr into Pfr during the illuminated 
period, and the reversion of Pfr in the dark, as previously discussed 
for similar results in Amaranthus retroflexus. Existence of a light 
requirement for germination (i.e., skotodormancy), which in some species 
may be overcome by cold treatments, has been reported (Taylorson and 
Hendricks, 1969; Smith, 1975; Taylorson, 1982; Egley and Duke, 1985). 
These results would be in agreement with such a possibility. 
Accordingly, the relatively high germination achieved in February by 
seeds that were in the field, both buried and on the soil surface (Fig. 
7 A), could be attributed to a low temperature effect, and to the 
additive effect of low temperature and light. Thereafter, the effect of 
low temperature would diminish as the season progressed and, while the 
buried seeds were able to retain the stimulus, the exposed seeds somehow 
underwent its counterbalance. In April, the light conditions may have 
the maximum potential to drive the required processes for germination. 
These conditions would occur independently of the conditions experienced 
by the seeds either in the field or in storage (Fig. 7). During 
subsequent months, the phytochrome may play an inhibitory role (Hartley 
and Frankland, 1982) in response to the longer photoperiods (Toole et 
al., 1956; Smith, 1975), and bring about the decline in germination that 
occurred in May and June. A restoration of the germination capacity may 
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be expected as the photoperiod became favorable. 
This interpretation may account for the germination patterns that 
CHEAL exhibits in the field, where two peaks can be distinguished, one 
in April and the other in September. Since the plants that originate 
from this second flush cannot withstand the winter, this phenomenon 
should be considered as a misinterpretation of the light conditions by 
those seeds. 
In the 1984-85 experiment, the 1983 CHEAL seeds exhibit somevrfaat 
different responses which may be a consequence of a different 
physiological status. Specifically, the seeds planted at 2 cm depth had 
lower germination than those on the soil surface, and there was no 
prominent germination peak in April for the seeds planted on the soil 
surface, if they were not exposed to field conditions (Table 6; Fig. 8). 
Otherwise, the general trends in germination were rather similar to the 
first experiment. 
In the 1984-85 the 1984 collected seeds exhibited basically the 
same germination patterns as the 1983 seed (Figs. 8 A and 9 A). The 
response of the 1984 control seed (Fig. 9 B) resembles the 1983 control 
seed in the first experiment (Fig. 7 B). The possibility that a light 
requirement may be replaced by low temperature, may also explain these 
results. 
The specific mechanism by which light or low temperatures may 
accomplish their effect on germination, is not well understood 
(Sutcliffe, 1977; Lewak and Eudnicki, 1977; Mayer and Poljakoff-Mayber, 
1982; Bewley and Black, 1985). Low temperatures in the presence of 
Table 6. Germination of Chenopodium album seed collected in 1983 and 198%, when subjected to 
field conditions from October, 1984 to July, 1985, while planted in pots at 0 and 2 om 
depth. Data for corresponding controls are shown for comparison 
1983 seed 1984 seed 
a a 
From field Control From field Control 
Months 
0 cm 2 om 0 cm 2 cm 0 cm 2 om 0 om 2 om 
b 
(%) 
Oct. 84 — — M m» 17.0 3.7 «m m» MB M 0.0 0.0 
Nov. I t  9.4 5.8 20.3 7.0 0.0 0.2 1.0 0.3 
Dec. I I  31.8 12.0 24.0 10.0 12.4 0.4 1.0 0.3 
Jan. 85 44.6 30.0 37.3 14.7 57.6 30.4 1.0 1.3 
Feb. I I  46.6 14.8 29.7 7.3 52.6 13.0 4.3 7.0 
Mar, I I  34.4 21.0 12.7 7.0 35.4 23.6 10.3 7.0 
Apr. I I  55.0 26.0 17.3 0.3 54.6 21.4 44.7 14.3 
May I I  32.4 23.8 14.3 4.0 21.8 12.4 20.7 6.7 
Jun. I I  27.2 18.4 22.3 4.7 21.8 16.4 11.0 7.7 
Jul. I I  32.8 16.6 12.7 5.0 24.4 18.0 20.7 12.3 
Lsd (0.0 5 
Months 7«0 5.3 6.1 4.6 
Depths 3.2 2.3 3.3 1.5 
Months X depths 9.7 7.5 9.3 5.7 
a 
Seed that was held at 10 C and 40 % RH. 
b 
Cumulative emergence over 30 days in the greenhouse. Average for 5 reps, with 100 seeds each. 
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moisture in the dark are the normal conditions for stratification which 
has been recommended to break dormancy in seeds of several species. 
Decreases in the concentration of abscisic acid or increases in the 
levels of gibberellins and cytokinins (Sutcliffe, 1977) or nucleic acids 
(Osborne, 1977) have been associated with the release from dormancy by 
stratification. However, a cause-effect relationship has not been 
established (Sutcliffe, 1977; Bewley and Black, 1985). How light 
conditions contribute to the synthesis or potentiate a factor that can 
also be produced or potentiated with participation of low temceratures, 
is even less clear. However, most of the recent evidence points toward 
a strong participation of the light-dependent phytochrome, since its Pfr 
active form may function as a regulator of gene expression (Mohr, 1966), 
or determine the functionality of the membranes and the activity of 
enzymes associated with them (Hendricks and Borthwick, 1967; Smith, 
1975; Marme, 1977; Hendricks and Taylorson, 1978), or enhance the 
expansive force of the embryonic axis (Carpita et al., 1979a and 1979b), 
or regulate the metabolism and function of hormones (Leung and Bewley, 
1981a and 1981b). 
3. Digitaria sanguinalis (DIGSA) 
The effect of field conditions on the dormancy characteristics of 
1983 collected DIGSA seed, is shown in Figs. 10 and 11, which illustrate 
data from Tables 7 and 8 respectively. The analysis of variance for 
such data is presented in Table 34. In the first experiment the 1983 
seeds were dormant from the beginning and remained so until June, 1984, 
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A. Seeds exposed to field conditions from January to 
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Table 8. Germination of Digitaria aanguinalia seed collected in 1983 and 1984, when subjected to 
field conditions from October, 1984 to July, 1985, while planted in pots at 0 and 2 cm 
depth. Data for corresponding controls are shown for comparison 
1983 seed 1984 seed 
a 
From field Control From field Control 
Months 
0 cm 2 cm 0 cm 2 cm 0 cm 2 cm 0 cm 2 cm 
b 
($)  
Got. 84 72.7 32.0 2.7 2.0 
Nov. " 37.4 16.4 94.7 39.3 0.0 0.0 13.7 1.3 
Deo. " 26.6 0.8 49.3 23.3 0.0 0.0 0.0 0.3 
Jan. 85 7.4 0.0 52.7 36.0 8.4 0.0 3.3 2.7 
Feb. " ' 1.0 0.0 57.3 25.7 3.6 0.0 6.7 1.3 
Mar. " 0.4 0.0 76.7 40.0 4.8 1.6 4.0 0.3 
Apr. " 2.0 0.0 78.3 42.7 1.8 0.0 7.0 2.3 
May " 2.6 0.0 68.3 25.7 0.6 0.0 1.7 2.0 
Jun. " 0.0 0.0 78.0 23.0 1.4 0.0 18.3 2.0 
Jul. " 0.2 0.0 69.3 23.0 0.0 0.0 18.0 2.3 
Lsd (0.01) 
Months 5.3 8.4 2.8 4.0 
Depths 2.1 3.7 1.3 2.1 
Months X depths 6.4 11.8 3.8 6.7 
a 
Seed that was held at 10 C and 40 % RH. 
b 
Cumulative emergence over 30 days in the greenhouse. Average for 5 repls. with 100 seeds each. 
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Table 7. Germination of Digitaria sanguinalis seed collected in 1983, 
after experiencing field conditions from January to July, 
1984, while planted in pots at 0 and 2 cm depth. Data for 
corresponding controls are included for comparison 
Months 
a 
Germination (.%) 
b 
From field Control 
0 cm 2 cm 0 cm 2 cm 
Jan. 
— — 
— - 6.2 0.8 
Feb. 2.0 0.0 30.2 8.8 
Mar. 4.8 0.2 42.8 24.2 
Apr. 0.0 0.0 49.8 23.8 
May 4.6 0.0 45.4 9.2 
Jun. 11.4 0.0 36.2 13.6 
Jul. 41.0 0.0 25.0 13.2 
Lsd (0.05) 
Months 3.4 3.5 
Depths 1.9 2.1 
Months X depths 4.6 5.4 
a 
Cumulative emergence over 30 days in the greenhouse; average for 
five replications with 100 seeds each. 
b 
Seed that was held at 10 C and 40 % RH. 
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regardless of whether they were placed on the soil surface or buried at 
2 cm (Fig. 10 A). In July, the dormancy decreased significantly for 
the seeds on the surface while the buried ones remained dormant. 
In contrast, the 1983 control seeds, when planted on the soil 
surface, exhibited germination in a symmetrical parabolic pattern with 
the maximum occurring in April, 1984 (Fig. 10 B). When the control 
seeds were planted at 2 cm, the germination increased slightly up to 24 
2 in May and April, and then decreased for the subsequent months. 
The contrasting response was exhibited by 1983 DIGSA seeds when 
subjected to field conditions as compared to the controls especially 
when placed on the soil surface. It is difficult to explain these 
results on the basis of previous work. In the field, this species can 
be observed to germinate rather late in the summer, which suggests a 
requirement for high temperatures in order to overcome its dormancy. 
According to the data in Fig. 10 A, this hypothesis would be applicable 
to seeds on the soil surface but not for buried seeds. Whether or not 
the differences in temperatures between the two situations may explain 
that response, can not be substantiated by data, but such a possibility 
seems rather unlikely. Other possible explanations include the effects 
of alternating periods of drought and moisture on the soil surface or 
beneath the soil, and the release of a volatile inhibitor vriiose 
evolution from the seeds could be enhanced by higher temperatures on 
the soil surface. 
As indicated by Taylorson (1982), after-ripening may be necessary 
in some seeds before a phytochrome response can be shown, while 
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prolonged after-ripeneing leads to loss of light dependence in 
initially light sensitive species. Such phenomena or a photoperiodic 
response may be involved in the response of DIGSA, especially the 
germination pattern exhibited by the control seed planted on the soil 
surface (Fig. 10. B). 
When planted in the 1984-85 experiment, the majority of the 1983 
DIGSA seed were not dormant, but the field conditions caused an abrupt 
decrease in germination as depicted in Fig. 11 A, suggesting a 
secondary dormancy induction caused by low winter temperatures. A 
recovery in germinability was expected to occur as temperatures 
increased in June and July, 1985. Since this did not happen, some 40 
seeds were recovered from the pots in order to be visually examined and 
tested with tetrazolium (TZ) chloride. The TZ test indicated that 
about 65 % of the seed had died. Conclusive deductions can not be 
based on this data because of the limited number of seeds involved in 
the tests. 
The germination of the 1983 DIGSA control seed displayed 
considerable fluctuation during the 1984-85 experiment, and it was 
generally higher when seeds were planted on the soil surface (Fig. 11 
B) as in the 1984 experiment (Fig. 10 B). This would indicate a light 
requirement, in conjunction with an alternating temperatures response 
for a large proportion of the after-ripened seed. This would be in 
agreement with reports by Taylorson (1982) on the effect of phytochrome 
on seed germination. 
The germination of 1984 collected DIGSA seed in the 1984-85 
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experiment, resulted in significant differences for months, planting 
depths and the interaction months x planting depths (Table 35). 
However the germination percentages remained (Table 8; Fig. 12) low as 
compared to those for 1983 collected seed (Table 8; Fig 11). This may 
be a consequence of the differences in the degree and perhaps the 
mechanisms of dormancy, as affected by conditions prevailing during 
seed production, and possibly differences in genotype as well. The 
DIGSA seed was collected 10 days earlier in 1984 than in 1983 and the 
collection site was the Hawthorn garden plots rather than the Curtiss 
Experimental Farm. Additionally, the drying and conditioning processes 
were carried out over three weeks on the 1983 seeds, and this could 
have caused an accelerated after-ripening. In comparison, the same 
processes were done in one week for the 1983 seeds. 
4. Echinochloa crus-galli (ECHCG) 
The germination data for 1983 ECHCG seed after experiencing field 
conditions during the 1984 and 1984-85 experiments are shown in Tables 
9 and 10, and illustrated in Figs. 13 A and 14 A, respectively. Data 
for the corresponding control seed are included in the same tables and 
in Figs. 13 B and 14 B, for comparison. 
Significant differences were detected among the months that seeds 
spent in the field, between the planting depths and the interaction of 
months x depths (Table 35). For seeds on the soil surface the 
germination capacity markedly increased from January to April, 1984, 
when a maximum of 84.2 % germination was recorded; thereafter, a 
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A. Seeds exposed to field conditions from January, 1984 
to July, 1985; B. Seeds held at 10 C and 40 % RH 
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Table 9. Germination of Echinochloa crus-galli seed collected in 1983, 
after experiencing field conditions from January to June, 
1984, while planted in pots at 0 and 2 cm depth. Data for 
corresponding controls are included for comparison 
a 
Germination (,%) 
b 
Months From field Control 
0 cm 2 cm 0 cm 2 cm 
Jan. — — — — 4.2 10.0 
Feb. 19.6 3.2 14.4 37.8 
Mar. 51.8 35.4 48.8 77.2 
Apr. 84.2 38.2 50.8 74.0 
May 38.4 39.0 20.0 61.0 
Jun. 24.4 44.2 17.6 44.0 
Lsd (0.05) 
Months 11.5 7.5 
Depths 7.7 1.9 
Months X depths 15.1 8.3 
a 
Cumulative emergence over 30 days in the greenhouse; average for 
five replications with 100 seeds each. 
b 
Seed that was held at 10 C and 40 % RH. 
Table 10. Germination of Eohinoohloa orus-galli seed oolleoted in 1983 and 1984, when subjected 
to field conditions from October^  1984 to July, 1985» while planted in pots at 0 and 
2 cm depth. Data for corresponding controls are shown for comparison 
1983 seed 1984 seed 
From field Control From field Control 
Months 
0 cm 2 cm 0 cm 2 cm 0 cm 2 cm o cm 2 cm 
b 
(%) 
Oct. 84 mm Mi —, M 80.3 89.3 mm M mm M 0.0 0.0 
Nov. ir 17.0 70.2 90.7 92.0 0.0 0.0 0.0 0.0 
Deo. II 65.8 20.0 58.0 89.0 0.0 30.6 0.0 0.0 
Jan. 85 45.0 1.8 88.7 92.7 5.6 2.6 0.0 0.0 
Feb. II 63.0 7.2 74.0 89.7 34.2 40.4 0.0 6.0 
Mar. II 43.8 7.0 92.3 91.7 38.8 67.0 0.3 1.7 
Apr. II 1.0 5.6 80.3 90.0 84.4 23.8 0.3 0.7 
May II 67.2 1.4 93.3 83.7 50.2 9.2 0.3 59.3 
Jun. II 42.2 9.6 82.0 89.0 5.6 56.8 1.0 5.3 
Jul. II 28.6 9.0 72.7 75.0 35.4 28.4 1.3 5.0 
Lsd (0.05) 
Months 8.4 7.9 11.8 2.1 
Depths 5.4 3.3 4.0 0.9 
Months X depths 14.2 10.8 14.5 3.0 
a 
Seed that was held at 10 C and 40 % RH. 
b 
Cumulative emergence over 30 days in the greenhouse. Average for 5 reps, with 100 seeds each. 
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Fig. 13. Germination in the greenhouse of 1983 collected 
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2 cm. A. Seeds exposed to field conditions from 
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decrease occurred for May and June, when 38.4 and 24.4 $ germinated, 
respectively. The 1983 ECHCG seed planted at 2 cm depth, exhibited a 
substantial increase in germination from February to May, and then 
remained stable until June, 1984 (Fig. 13 A). These data resemble the 
behavior previously discussed for Amar-anthus retroflexus and 
Chenopodium album, and may be explained with the same reasoning. The 
newly matured ECHCG seeds had enough preformed Pfr to promote 
germination, but its action would be hindered by the factors 
responsible for the primary dormancy. As after-ripening proceeded, the 
Pfr would promote germination. The proportion which germinated, 
however, could vary according to the environmental conditions. Such 
conditions would determine the capacity of the seeds to maintain an 
adequate level of Pfr, according to the ratio between the processes 
that generate it and those that cause its reversion to Pr. 
As suggested before, for seeds on the soil surface such processes 
may be dependent on the daylength. Nevertheless, in the case of ECHCG, 
other factors appear to be of equal importance, since the control seeds 
planted at 2 cm depth exhibited the same trend in germination capacity 
and they germinated even better than those on the soil surface (Fig. 13 
B). It is possible that this response was determined by differences in 
the amplitude and/or the duration of the daily fluctuations in 
temperature that occurred in the greenhouse. 
In an experiment conducted by Watanabe (1981) in Japan, the 
dormancy of ECHCG seed was broken more rapidly in the sub-surface soil 
layers than on the soil surface, during the period from early November 
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to early December. In addition, he found that germination over a wide 
range of temperatures was enhanced by prior irradiation with 660-690 nm 
light. Even though the results from such experiments are not expected 
to coincide with those in this study because of the differences in 
environmental conditions, they confirm that both light and temperature 
are factors involved in the breakdown of seed dormancy in this species. 
In the 1984-85 experiment, the 1983 ECHCG seed, which germinated 
over 80 % in tests performed in October 1984, entered into a secondary 
dormancy when it was planted at a 2 cm depth and exposed to field 
conditions from October 1984 until January, 1985 (Fig. 14 A). Since 
Dowson and Bruns (1975) found that ECHCG seeds can maintain viability 
for prolonged periods (up to 13 years) in the soil, it may be that in 
the 1983 seeds, which were non-dormant, acquired secondary dormancy 
while buried when moisture was available in the field during October, 
November and early December, 1984. Such dormancy probably was caused 
by the dark reversion of Pfr into Pr, which in turn would induce a 
light requirement for germination. Thus, this species may respond to 
tillage operations in two contrasting ways depending of the timing. 
Autumn tillage may induce secondary dormancy as it buries the seeds, 
while spring or summer tillage may promote dormancy breakdown as it 
exposes buried seeds to light. 
The germination of the 1983 ECHCG seeds that were placed in the 
field on the soil surface exhibited considerable fluctuations, from 
over 60 % in December, 1984, February and May, 1985, to only 1 ? in 
April, 1985 (Fig. 14 A). This low germination in April is opposite 
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that observed for the same batch of seed in the 1984 experiment, as 
well as for other species in this study. The low temperatures 
experienced by the seeds on the surface during the winter, may have 
caused an inversion in the responsiveness to the eventual photoperiodic 
effect. 
The 1983 ECHCG control seed mantained a high germination capacity 
(generally well above 80 %), throughout the 1984-85 experiment (Fig. 14 
B). Although some fluctuations occurred for seed planted on the soil 
surface it is obvious that such seed had largely overcome dormancy and 
it was able to germinate both on and beneath the soil, regardless of 
greenhouse conditions. 
The ECHCG seed collected in 1984 was totally dormant when planted 
in the 1984-85 experiment. After experiencing the conditions that 
prevailed in the field during the winter, the seeds on the soil surface 
progressively overcame their dormancy, beginning in January 1985, 
reaching a germination of 84.4 % in April; thereafter the germination 
declined to 5.4 % in June, and then increased to 35.4 % in July, 1985 
(Table 10; Fig. 15 A). These results match the data for 1983 ECHCG 
seed in the 1984 experiment (Table 9; Fig. 13 A). The 1984 seed that 
was subjected to field conditions while buried in the soil, exhibited 
germination peaks of 30.5 % in December, 1984, 57.0 % in March and 56.8 
2 in June, 1985 (Table 10; Fig. 15 A). 
The apparent alternating periods of dormancy and non-dormancy seem 
to be related to conditions experienced by the seeds in the field, 
rather than the conditions in the greenhouse during each germination 
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Fig. 15. Germination in the greenhouse of 1984 collected Echinochloa 
crus-galli seeds, when planted at 0 and 2 cm depth. 
A. Seeds exposed to field conditions from October, 1984 to 
July, 1985; B. Seeds held at 10 C and 40 % RH 
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test. The 1984 control seed remained dormant throughout the experiment 
when tested on the soil surface, and only showed a 59-3 % peak 
germination when planted at 2 cm depth in May, 1985 (Table 10; Fig. 15 
B), while the seeds removed from the field in that month only 
germinated 9.2 % (Table 10; Fig. 15 A). 
Fresh ECHCG seeds have been reported to be in primary dormancy and 
non-light sensitive by Yamasue et al. (1977). They suggested that the 
state of primary dormancy may be maintained by the indehiscent pericarp 
and glumes. It cannot be attributed to a restriction in the oxygen 
availability for the seeds, since the germination was enhanced when the 
oxygen-tension during imbibition was low, and diminished when it was 
high. Miyahara (1975) in turn, reported that ECHCG possess primary 
dormancy before shedding and this dormancy deepens with maturity. The 
breaking of such dormancy may be, according to his data, promoted by 
low temperatures from late autumn to early spring, by the alternation 
of temperature in early spring, and by the flooding of paddy rice 
fields. However, seeds die in presence of water and oxygen if the 
dormancy is broken and the temperature is less than optimum for 
germination. 
5. Polygonum pensylvanicum (POLPY) 
The germination data for the 1983 collected POLPY seed in the 1984 
experiment are shown in Table 11 and represented in Fig. 16. The 
analysis of variance shown in Table 39, revealed significant 
differences for the months that the seeds spent in the field, for the 
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Table 11. Germination of Polygonum pensylvanicum seed collected in 
1983, after experiencing field conditions from January to 
June, 1984, while planted in pots at 0 and 2 cm depth. 
Data for corresponding controls are included for 
comparison 
a 
Germination (,%) 
b 
Months From field Control 
0 cm 2 cm 0 cm 2 cm 
Feb. 2.4 3.8 0.0 0.0 
Mar. 21.0 11.6 0.0 0.0 
Apr. 22.2 26.2 0.0 0.6 
May 21.2 39.8 0.2 0.0 
Jun. 10.0 30.4 0.6 2.2 
Lsd (0.05) 
Months 4.6 
Depths 2.7 
Months X depths 6.3 
a 
Cumulative emergence over 30 days in the greenhouse; average for 
five replications with 100 seeds each. 
b 
Seed that was held at 10 C and 40 % RH. 
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Fig. 16. Germination in the greenhouse of 1983 collected Polygonum 
pensylvanicum seeds, when planted at 0 and 2 cm depth. 
A. Seeds exposed to field conditions from January, 1984 
to July, 1985; B. Seeds held at 10 C and 40 % RH 
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depths at which they were planted and for the interaction of months x 
depths. 
The 1983 POLPY seed exhibit a deep primary dormancy at the 
begining of the experiment. After undergoing the effect of field 
conditions on the soil surface during January and February, 1985, they 
reached a germination capacity of 21.0 Î in March which was maintained 
until June, when the germination fell to 10.0 % (Fig. 16 A). For seeds 
planted at 2 cm depth the germination increased to 39.8 ? in May and 
then declined to 30.4 % in June. Meanwhile, the control POLPY seed 
mantained its initial dormancy throughout the 1984 experiment (Fig. 16 
B), as well as in the other experiments (Fig. 17 B and 18 B). 
When planted in the 1984-85 experiment, the 1983 POLPY seed had a 
strong response to field conditions (Table 12; Fig. 17 A). It 
exhibited a 30.4 % germination in February, 1985, for seeds on the soil 
surface and a 60.4 % germination peak in April for seeds buried at 2 cm 
depth. In both cases a marked reductions in germination occurred in 
successive months. Similar results are depicted in Fig. 18 A for seed 
collected in 1984 and planted in the 1984-85 experiment. 
These data appear to indicate that the dormancy in POLPY seeds 
consists of a chilling requirement that, at least for a portion of the 
seed, can be met during the winter before other conditions are suitable 
to support germination in the field. For instance, the seeds on the 
soil surface germinated well in the greenhouse after being retrieved 
from the field in February and March, while germination for this 
species is normally not observable until late April. Even though those 
95 
P O  L P  Y  8 3  
0 cm 
2 cm 60 
40 
e 
o 
.0 
es 
e 
B. Cont  ro i  
S 
o 
(S 
40 
20 
O 0 N A J M F M J J 
M o n t  h  s  
Fig. 17. Germination, in the greenhouse of 1983 collected Polygonum 
pensylvanicum seeds, when planted at 0 and 2 cm depth. 
A. Seeds exposed to field conditions from october,1984 
to July, 1985; B. Seeds held at 10 C and 40 Z RH 
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Fig. 18. Germination in the greenhouse of 1984 collected Polygonum 
pensylvanicum seeds, when planted at 0 and 2 cm depth. 
A. Seeds exposed to field conditions from October, 1984 
to July, 1985; B. Seeds held at 10 C and 40 % RH 
Table 12. Germination of Polygonum pensylvanicum seed collected in 1983 and 1984, when subjected 
to field conditions from October, 1984 to July, 1985, while planted in pota at 0 and 
2 cm depth. Data for corresponding controls are shown for comparison 
1983 seed 1984 seed 
a 
From field Control From field Control 
Months 
0 cm 2 cm 0 cm 2 cm 0 cm 2 cm o cm 2 cm 
b 
(%) 
Oct. 84 — M M M 0.0 1.3 M mm 0.0 0.0 
Nov. II 0.0 0.4 0.0 0.7 0.0 0.0 0.0 0.0 
Dec. II 15.2 3.8 0.0 0.0 1.8 0.0 0.0 0.0 
Jan. 8 10.8 20.0 0.3 0.7 2.4 1.0 0.0 0.0 
Feb. It • 30.4 11.6 0.0 0.0 21.8 2.6 0.0 0.0 
Mar. 11 11.6 23.4 1.0 0.7 8.8 5.4 0.0 0.0 
Apr. II 14.6 60.4 0.0 0.0 4.2 24.8 0.0 0.0 
May 11 9.8 32.2 0.0 0.0 4.6 22.2 0.0 0.0 
Jun. II 2.0 31.6 0.0 0.0 2.0 15.8 0.0 0.0 
Jul. 11 1.8 21.4 0.0 0.7 0.8 21.2 0.0 0.0 
Lsd (0.01) 
Months 6.6 
Depths 2.7 
Months X depths 8.0 
a 
Seed that was held at 10 C and 40 % RH. 
b 
Cumulative emergence over 30 days in the greenhouse. Average for 5 reps, with 100 seeds each. 
4.4 
2.1 
6.4 
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seeds had lost their dormancy, they presumably would remain quiescent 
in the field until conditions were adequate to germinate, thus little 
or no germination was observed in the field for POLPY seed on the soil 
surface. This may be due to a lack of an appropriate contact between 
the seed and the soil, which may have reduced the seed moisture uptake. 
Thus, the periodic water supply in the greenhouse could render such 
seeds able to germinate. The seeds buried in the soil had a 
facilitated water uptake, so germination took place in both the 
greenhouse and the field as soon as adequate temperature conditions 
were provided. 
The low temperatures occurring during winter months seem to bring 
about the breakdown of primary dormancy in POLPY seeds. This process 
is best described as a natural stratification or low temperature after-
rippening (Taylorson, 1972; Mayer and Poljakoff-Mayber, 1982). In such 
a case the dormancy was probably imposed by the embryo. This kind of 
dormancy responds to stratification treatments (Lewak and Rudnicki, 
1977; Bewley and Black, 1985). Such chill requirements clearly 
constitute an adaptation to prevent autumn germination (Sutcliffe, 
1977; Mayer and Poljakoff-Mayber, 1982), and to assure germination 
during the spring (Courtney, 1968; Sutcliffe, 1977; Baskin and Baskin, 
1980; Karssen, 1982), but the mechanisms through which this is 
accomplished are not understood (Sutcliffe, 1977; Lewak and Rudnicki, 
1977; Mayer and Poljakoff-Mayber, 1982). 
The reduction in germination that took place in June and July 
seems to indicate an induction of secondary dormancy in those seeds 
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that did not have the appropriate conditions to germinate. This may 
occur in response to the increased temperatures and the frequent 
periods of drought that take place as the summer progresses. 
In general terms, the results of the field experiments with POLPY 
seed are consistant with those reported by Staniforth and Cavers 
(1979), who observed similar responses for two other Polygonum species. 
6. Setaria glauca (SETLU) 
The germination data for the 1983 collected SETLU seed are shown 
in Tables 13 and 14, for the 1984 and 1984-85 field exposure 
experiments, respectively. The corresponding analyses of variance are 
given in Table 40. 
In the 1984 experiment there were significant differences for the 
months that the seeds spent in the field and for the interaction of 
months x planting depths. Thus, the seed planted at 2 cm depth 
progressively overcame its dormancy with time, reaching a 39 ? 
germination in June, 1984. Meanwhile, the seed on the soil surface 
remained dormant from January to February and then increased in 
germination to 48.4 % in April, before dropping to 24.0 % in May and 
increasing again to 53.6 % in June (Fig. 19 A). 
The response of buried seeds seems to be a result of the after-
ripening process, which may be affected by temperature. For seeds on 
the soil surface other factors appear to be involved. The conditions 
prevailing in the field were more important for breaking dormancy than 
those in the greenhouse, as revealed by the germination of the control 
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Table 13. Germination of Setaria glauca seed collected in 1983, after 
experiencing field conditions from January to June, 1984, 
while planted in pots at 0 and 2 cm depth. Data for 
corresponding controls are included for comparison 
Months 
a 
Germination (?) 
b 
From field Control 
0 cm 2 cm 0 cm 2 cm 
Jan. 
— — —  1.0 5.4 
Feb. 3.6 20.4 4.8 12.0 
Mar. 29.0 28.4 9.0 30.4 
Apr. 48.4 32.4 10.8 20.4 
May 24.0 38.0 15.0 32.6 
Jun. 53.6 39.0 13.4 19.4 
Lsd (0.05) 
Months 7.2 4.4 
Depths 5.2 1.5 
Months X depths 11.5 3.9 
a 
Cumulative emergence over 30 days in the greenhouse; average for 
five replications with 100 seeds each. 
b 
Seed that was held at 10 C and 40 % RH. 
Table 14. Germination of Setarla glauoa seed collected in 1983 and 1984, when subjected to field 
conditions from October, 1984 to July, 1985, while planted in pots at 0 and 2 cm depth. 
Data for corresponding controls are shown for comparison 
1983 seed 1984 seed 
a 1 
From field Control From field Control 
Months 
0 cm 2 cm 0 cm 2 cm 0 cm 2 cm 0 cm 2 cm 
b 
{%) 
Got. 84 14.7 14.3 1.3 0.0 
Nov. tf 7.0 14.4 18.3 24.7 0.0 0.0 0.0 1.0 
Dec. 11 22.2 36.6 13.3 13.7 0.4 7.2 0.0 0.7 
Jan. 85 27.6  27.4 29.3  44.7 3.6 1.0 0.0 0.0 
Feb. tl 26.2 1.4 29.0  47.7 16.4 0.0 0.0 0.0 
Mar. II 27.4 11.6 34.3 50.0 15.2 0.8 0.0 1.3 
Apr. II 57.4 15.4 24.7 40.3 25.6  0.0 0.0 0.3 
May II 57.8 7.2 23.7 42.7 44.2 9.0 0.0 0.0 
Jun. It 44.0 14.6 24.7 38.3 36.6 10.0 0.0 0.0 
Jul. tl  39.6 13.8 21.0 51.0 33.0 26.4 0.0 0.3 
Lsd (0.01) 
Months 8 .5 8 .9 6 .2  . M 
Depths 4 .2  3 .1 3 .4 . -
Months X depths 12 .6 9 .3 10 .2  • •• 
a 
Seed that was held at 10 C and 40 % RH. 
b 
Cumulative emergence over 30 days in the greenhouse. Average for 5 reps, with 100 seeds each. 
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Fig. 19. Germination in the greenhouse of 1983 collected Setaria 
glauca seeds, when planted at 0 and 2 cm depth. A. Seeds 
exposed to field conditions from January to June, 1984; 
B. Seeds held at 10 C and 40 % RE 
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seed in Fig. 19 B. 
When planted in the 1984-85 experiment, the 1983 SETLU seed, which 
still had a considerable degree of dormancy, exhibited an erratic 
behavior (Fig. 20); nonethelesss, significant differences were detected 
(Table 40). Thus, when buried at 2 cm the breakdown in dormancy was 
enhanced by low temperatures at the beginning, with a 36.6 % 
germination in December, 1984; thereafter a reduction occurred and the 
germination remained under 16 ? for subsequent months. This response 
suggests that secondary dormancy was imposed, perhaps due to dark 
reversion of the preformed Pfr. However, such a process would be 
largely prevented by low temperatures and a lack of available moisture 
in the frozen soil (Taylorson and Hendricks, 1969; Taylorson, 1982; 
Egley and Duke, 1985). 
For seeds on the soil surface, the germination increased from 7 % 
in November, 1984 to 57 % in April and May, and then dropped to about 
40 % in July, 1985 (Fig. 20 A). By this time most potential 
germination had occurred in the field and very little further 
germination took place in the greenhouse, indicating that those seeds 
that did not germinate entered secondary dormancy. This dormancy may 
be brought about by stresses such as supraoptimal temperatures and 
periods of droughts, Taylorson (1982) suggested the level of such 
induced dormancy and the requirements for overcoming it would increase 
with the intensity of the stress. 
For the 1983 SETLU control, seed the germination was higher when 
planted at 2 cm than when placed on the soil surface (Fig. 20 B). In 
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Fig. 20. Germination in the greenhouse of 1983 collected Setaria 
glauca seeds, when planted at 0 and 2 cm depth. A. Seeds 
exposed to field conditions from October, 1984 to July, 
1985; B. Seeds held at 10 C and 40 % RE 
105 
both cases considerable fluctuations occurred, but the general trend 
for seeds planted at 2 cm was to increase germination over months, 
while those on the surface showed a slight increase to 34 2 in May and 
then a decrease during the consecutive months. 
As long as the SETLU seeds were kept in dry storage, they 
maintained the level of preformed Pfr (Taylorson, 1982) and, providing 
that after-ripening had occurred, this level sufficed for promoting 
gemination when light was prevented by burial, while adequate moisture 
and temperature were provided. When such seeds were placed on the soil 
surface, the level of preformed Pfr might be reduced by conversion into 
Pfr as seeds were exposed to periods of far-red enriched light, which 
in turn lowered the germination capacity. 
The 1984 collected SETLU seed was dormant when planted in the 
1984-85 experiment, and remained so until April 1985 when planted at 2 
cm; the germination increased considerably until July, 1985 (Fig. 21 
A). This is an apparent response to natural after-ripening as the soil 
warmed the seeds placed on the surface exhibiting an earlier breakdown 
in dormancy (Fig. 21 A). This is thought to be in response to both low 
temperature and light. 
Since the 1984 control seed did not germinate throughout the 
experiment (Fig. 21 B), it can be assumed that after-ripening did not 
take place while the seed was in storage. Thereby, it is unlikely that 
classical after-ripening might occur in seeds stored under less 
favorable conditions for that process, such as those prevailing in the 
field from October, 1984, to January, 1985. Hence, it can be assumed 
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Fig. 21. Gemination in the greenhouse of 1984 collected Setaria 
glauca seeds, when planted at 0 and 2 cm depth. A. Seeds 
exposed to field conditions from October, 1984 to July, 
1985; B. Seeds held at 10 C and 40 % RE 
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that such conditions rendered the SETLQ seeds able to bypass the after-
ripening requirement, which has been reported to be necessary for a 
phytochrome-mediated light response (Taylorson, 1982). Stratification 
under natural temperatures and light conditions, could be accomplished 
in a shorter time than the effect of prolonged periods of higher 
temperatures. Nieto-Hatem (1963) proposed that at least two types of 
dormancy may operate in SETLU seeds. One is imposed by the caryopsis 
and the other one imposed by the hull. Thereafter, Kollman and 
Staniforth (1972) studied the response of SETLU seeds to homones and 
found that exogenous applications of gibberellic acid promoted 
germination, abscisic acid inhibited germination and cytokinins 
reversed such inhibition. On the basis of this evidence, it is 
suggested that the primary dormancy in this species is caused by an 
hormonal imbalance and thus, the effect of natural stratification would 
be to promote a favorable equilibrium among such hormones (Sutcliffe, 
1977), which, according to the promoter/inhibitor theory (Amen, 1968), 
is necessary for germination to take place. 
Since the dormancy breakdown occurred more effectively for SETLU 
seeds on the soil surface than for those buried at 2 cm, it may be 
assumed that natural light cycles enhanced the effect of low 
temperatures. Similar effects were also observed in this study for 
Amaranthus retroflexus (Fig. 6 A), Chenopodium album (Fig. 9 A), 
Polygonum pensylvanicum (Fig. 18 A) and Echinochloa crus-galli (Fig. 13 
A). 
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C. Effect of After-ripening Temperatures 
After-ripening experiments were carried out with seed collected in 
both 1983 and 1984. After-ripening temperatures in the first 
experiment were -20, -10, 0, 10 and 20 C; in the second one, additional 
treatments with 30 and 40 C were included. Since very little or no 
germination occurred for seed stored at -10 and -20 C, in the second 
experiment such data will be excluded from the graphics. Figures 
involving comparisons between germination in light and dark report only 
the data for treatments at 0, 20 and 40 C. 
1. Amaranthus retroflexus (AMARE) 
The data for the effect of after-ripening temperatures over 7.5 
months on the 1983 collected AMARE seed are shown in Table 15 and 
illustrated in Fig. 22. That seed germinated 20.7 % in Petri dishes at 
25 C in the dark, and 10 % at 2 cm in pots with soil, before the 
initiation of the experiment in January 2, 1984. Thereafter the 
germination capacity progressively increased for all the after-ripening 
temperatures. When the seed was held at 20 C it underwent an 
accelerated after-ripening; the -20 C and 0 C treatments resulted in a 
much lower rate of after-ripening but they did not prevent it (Fig. 22 
A). These data indicate that the after-ripening process bad begun in 
the 1983 AMARE seeds before the experiment was initiated, presumably in 
response to the conditions to which they had been subjected (3 weeks of 
air drying, and three months at 10 C and 40 % RE). Subsequently, the 
temperature-treatments only affected the rate at which the after-
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Table 15. Germination of flmaranthus retroflexus seed collected in 
1983, as affected by after-ripening temperatures for 
different periods. Seeds were planted in the growth 
chamber (in Petri dishes with blotter paper, at 25 C in the 
dark) and in the greenhouse (at 2 cm depth in pots with 
soil) 
a 
After-ripening Germination (%) 
Temp. Duration 
(C) (Months) Growth chamber Greenhouse 
-20 2.5 26.0 
5.0 52.7 48.7 
7.5 80.0 56.7 
-10 2.5 36.7 
5.0 70.0 79.3 
7.5 85.3 68.7 
0 2.5 36.0 
5.0 58.7 54.0 
7.5 73.3 62.0 
10 2.5 46.7 
5.0 64.7 81.3 
7.5 84.0 62.7 
20 2.5 54.0 
5.0 76.0 83.3 
7.5 88.7 77.3 
Lsd (0.05) 
Temperatures 7.5 5.9 
Months 6.4 7.1 
Temps. X Months 14.2 12.8 
a 
Average of three replications with 50 seeds each. 
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Fig. 22. Effect of after-ripening for different periods at the 
indicated temperatures, on the gemination capacity of 
1983 collected seeds of Amaranthus retroflexus. 
A. Germination tests in the growth chamber (Petri dishes, 
25 C in the dark); B. Germination tests in the greenhouse 
(pots with soil, 2 cm depth) 
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ripening process occurred. 
The germination percentages for the test initiated on March 12, 
1985, after 15 months in storage, are presented in Table 16. In this 
case, germination tests were carried out both in the growth chamber 
(under light and dark conditions in Petri dishes with blotter paper at 
25 C) and the greenhouse (on the surface or at 2 cm depth in pots with 
soil). Striking differences occurred, as illustrated in Fig. 23. Very 
little or no germination took place in the growth chamber under light 
conditions; for seeds on the soil surface in the greenhouse the same 
response was observed, except for treatments with 10 and 20 C where 
15.3 and 21.3 $ germination occurred. Seeds incubated in the growth 
chamber under dark conditions, or planted at 2 cm depth in the 
greenhouse, germinated from 31 to 84 depending upon the temperatures 
at which they were stored. 
These data suggest that an adequate proportion of the phytochrome 
was in the Pfr active form when the 1983 AMARE seed was collected, and 
it remained in that form while seeds underwent after-ripening, 
providing that they were kept dry. Once suitable moisture and 
temperature were supplied in the dark, the Pfr was able to drive the 
processes that led to germination. When light was supplied, the Pfr 
would be partially reverted to the Pr or other inactive forms, or 
phytochrome would play an inhibitory role. Similar germination-
inhibitory phenomena have been reported for other species by several 
authors (Negbi and Koller, 1964; Smith, 1975; Bartley and Frankland, 
1982), and are consistent with results from field experiments in this 
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Table 16. Effect of after-ripening temperatures, and germination 
conditions on the germination percentage of Amaranthus 
retroflexus seed collected in 1983. Seeds were stored for 
15 months at the indicated temperatures and then planted in 
the growth chamber (in Petri dishes with blotter paper under 
light or dark conditions) and in the greenhouse (at 0 or 2 cm 
depth in pots with soil) 
Germination conditions 
After-ripening 
temperatures 
(C) Growth chamber Greenhouse 
a 
Light Dark 0 cm 2 cm 
b 
(? )  
-20 2.0 32.0 3.3 31.3 
-10 4.0 70.0 10.0 60.0 
0 2.7 34.7 7.3 40.7 
10 7.3 64.7 15.3 66.7 
20 4.0 83.3 21.3 84.0 
Lsd (0.05) 
Temperatures 10.6 9.1 
Germ. cond. 5.7 6.3 
Temp. X Germ. cond. 14.1 13.7 
a 
Cycles of 12 hr light and 12 hr dark. 
b 
Average of three replications with 50 seeds each. 
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conditions on the germination capacity of 1983 
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were stored for 15 months at the indicated temperatures 
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study. 
The effect of storage temperatures shown in Fig. 23 A, was similar 
to that observed for AMARE seed stored for 2.5, 5 and 7.5 months (Fig. 
22 A). The effects appear to be linear, except for a prominent high 
germination in seeds stored at -10 C, and an unexpected low germination 
in seed store at 0 C. These differences might be due to a differential 
effect of the temperature on the state of phytochrome, in conjunction 
with relative humidity differences in the stored seeds. Taylorson 
(1982) has indicate that phytochrome interconversions are highly 
dependent on interactions involving hydration and temperature 
responses. 
In the experiment carried out on 1984 collected AMARE seeds, the 
only significant germination occurred in seeds that were stored at 20, 
30, and 40 C for 5 and 15 months, and incubated in the growth chamber 
under dark conditions (Table 17). It becomes evident that this seed 
had a higher degree of primary dormancy than that collected in 1983. 
The treatments included in this experiment were ineffective in 
overcoming this primary dormancy. 
2. Chenopodium album (CHEAL) 
The 1983 collected CHEAL seed underwent very little change in its 
germination capacity, while stored for 7.5 months at temperatures from 
-20 to 20 C (Table 18). The significant differences detected by the 
analysis of variance are for the duration of after-ripening attributed 
to some germination (lower than 15 ?) that occurred when the seeds were 
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Table 17. Effect of after-ripening temperatures for different 
periods, and the germination conditions, on the germination 
percentage of flmaranthus retroflexus seed collected in 
1984. Seeds were planted in the growth chamber (in Petri 
dishes with blotter paper, under light or dark conditions), 
and in the greenhouse (at 0 and 2 cm depth in pots with 
soil) 
After-ripening Germination conditions 
Temps. Duration Growth . chamber Greenhouse 
(C) (months) 
Light Dark 0 cm 2 cm 
(%) 
-20 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.7 0.0 1.7 
15.0 0.0 0.7 — — — — 
-10 2.5 2.7 0.0 0.0 0.0 
5.0 0.0 0.7 0.0 1.7 
15.0 0.7 0.7 — — — — 
0 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.7 
15.0 0.0 0.0 
— — — — 
10 2.5 1.3 0.0 0.0 0.0 
5.0 0.0 2.0 0.0 3.3 
15.0 0.0 6.0 — — — — 
20 2.5 0.7 0.7 0.0 2.0 
5.0 0.0 2.0 2.0 3.0 
15.0 2.0 19.3 - - — — 
30 2.5 0.0 0.7 0.0 3.0 
5.0 1.3 8.0 0.7 2.7 
15.0 3.7 7.3 — — — — 
40 2.5 0.0 • 1.3 0.0 1.3 
5.0 0.0 20.7 0.7 6.0 
15.0 2.7 4.0 — — — — 
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Table 18. Germination of Chenopodium album seed collected in 1983, 
as affected by after-ripening temperatures for different 
periods. Seeds were planted in the growth chamber (in 
Petri dishes with blotter paper) and the greenhouse (at 2 
cm depth in pots with soil) 
a 
After-ripening Germination (%) 
Temp. Duration 
(C) (Months) Growth chamber Greenhouse 
-20 2.5 10.7 
5.0 6.0 1.3 
7.5 6.0 1.3 
-10 2.5 8.7 
5.0 9.3 6.7 
7.5 8.3 10.0 
0 2.5 15.0 
5.0 8.0 2.0 
7.5 6.7 8.0 
10 2.5 12.7 
5.0 9.3 6.0 
7.5 8.0 3.3 
20 2.5 14.0 
5.0 3.3 2.7 
7.5 9.3 4.0 
Lsd (0.05) 
Temperatures 3.8 6.5 
Months 3.0 3.5 
Temps. X Months 6.7 7.8 
a 
Average of three replications with 50 seeds each. 
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study. 
The effect of storage temperatures shown in Fig. 23 A, was similar 
to that observed for AMRE seed stored for 2.5, 5 and 7.5 months (Fig. 
22 A). The effects appear to be linear, except for a prominent high 
germination in seeds stored at -10 C, and an unexpected low germination 
in seed store at 0 C. These differences might be due to a differential 
effect of the temperature on the state of phytochrome, in conjunction 
with relative humidity differences in the stored seeds. Taylorson 
(1982) has indicate that phytochrome interconversions are highly 
dependent on interactions involving hydration and temperature 
responses. 
In the experiment carried out on 1984 collected AMARE seeds, the 
only significant germination occurred in seeds that were stored at 20, 
30, and 40 C for 5 and 15 months, and incubated in the growth chamber 
under dark conditions (Table 17). It becomes evident that this seed 
had a higher degree of primary dormancy than that collected in 1983. 
The treatments included in this experiment were ineffective in 
overcoming this primary dormancy. 
2. Chenopodium album (CHEAL) 
The 1983 collected CHEAL seed underwent very little chari;:;e in its 
germination capacity, while stored for 7.5 months at temperatures from 
-20 to 20 C (Table 18). The significant differences detected by the 
analysis of variance are for the duration of after-ripening attributed 
to some germination (lower than 15 %) that occurred when the seeds were 
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tested after 2.5 months in storage. 
The germination data for the test carried out on 1983 seed, after 
15 months in storage, are shown in Table 19 and illustrated in Fig. 24. 
No significant differences occurred among the after-ripening 
temperatures. In the growth chamber the seeds exposed to 12 hr light 
and 12 hr dark cycles, had a higher germination than those incubated in 
continuous dark. In the greenhouse, germination was equally low for 
seeds planted on the soil surface or at 2 cm depth. 
Table 20, and Figs. 25 and 26 report the data for the after-
ripening treatments carried out on 1984 CHEAL seed. The seeds which 
were held at -20 and -10 C exhibited germination of less than 11 
regardless of the test conditions, indicating that after-ripening was 
prevented. After-ripening was accelerated as temperature was increased 
from 0 to 30 C. Thus, seeds stored for 15 months at 30 C germinated 
56.7 % in the light in the growth chamber. The 40 C treatment promoted 
germination during the first 2.5 months, but a decline occurred in the 
successive tests. 
In the growth chamber test, light promoted a high germination 
percentage (Fig. 25). This effect was expected for seeds planted on 
the soil surface in the greenhouse. However, the highest germination 
percentages were obtained in seeds planted at 2 cm depth (Fig. 26). 
These data represent an apparent contradiction, since light 
stimulated germination in the growth chamber but inhibited it in the 
greenhouse. One possible explanation may be that in the majority of 
the 1984 CHEAL seeds, most of the phytochrome was in the inactive Pr 
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Table 19. Effect of after-ripening temperatures, and germination 
conditions, on the germination percentage of Chenopodium 
album seed collected in 1983. Seeds were stored for 15 months 
at the indicated temperatures and then planted in the growth 
chamber (in Petri dishes with blotter paper under light or dark 
conditions) and in the greenhouse (at 0 or 2 cm depth in pots 
with soil) 
Germination conditions 
After-ripening 
temperatures 
(C) Growth chamber Greenhouse 
a 
Light Dark 0 cm 2 cm 
b 
($ )  
-20 17.7 11.3 8.0 3.3 
-10 18.0 8.7 10.7 5.3 
0 19.3 7.3 6.7 6.0 
10 16.7 4.0 7.3 9.3 
20 19.3 6.7 8.7 10.0 
Lsd (0.05) 
Temperatures 3.8 6.4 
Germ. cond. 3.0 3.5 
Temp. X Germ. cond. 6.2 8.6 
a 
Cycles of 12 hr light and 12 hr dark. 
b 
Average of three replications with 50 seeds each. 
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Table 20. Effect of after-ripening temperatures for different periods, 
and the germination conditions, on the germination 
percentage of Chenopodium album seed collected in 1984. 
Seeds were planted in the growth chamber (in Petri dishes 
with blotter paper, under light or dark conditions), and in 
the greenhouse (at 0 and 2 cm depth in pots with soil) 
After-ripening Germination conditions 
Temps. Duration Growth chamber Greenhouse 
(C) (months) 
Light Dark 0 cm 2 cm 
(%) 
-20 2.5 1.3 2.0 0.0 0.0 
5.0 1.3 0.7 6.7 2.0 
15.0 10.7 3.3 — — — — 
-10 2.5 2.7 0.0 0.0 0.0 
5.0 4.0 0.7 2.7 0.0 • 
15.0 9.3 8.0 — — — — 
0 2.5 6.7 0.7 0.0 0.0 
5.0 5.3 2.0 4.0 1.3 
15.0 32.7 12.0 — — — — 
10 2.5 14.0 6.7 0.0 0.7 
5.0 22.7 19.3 9.3 11.3 
15.0 54.7 32.0 — — — — 
20 2.5 19.3 13.3 0.0 0.0 
5.0 23.3 30.0 9.3 20.7 
15.0 44.7 39.3 — — — — 
30 2.5 28.7 15.0 3.3 4.0 
5.0 34.7 35.3 14.0 20.7 
15.0 56.7 40.7 — — — — 
40 2.5 30.0 18.7 8.7 32.0 
5.0 22.7 12.3 14.0 14.7 
15.0 13.3 8.7 —• —• — — 
Lsd (0.05) 
Temperatures 7.8 8.0 3.7 5.5 
Months 4.1 3.8 1.9 1.7 
Temps. X Months 10.8 10.0 5.0 4.5 
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form. Therefore, an adequate balance between light quality and 
photoperiod, along with a favorable temperature and moisture, would be 
necessary to drive the conversion of Pr into Pfr, at a higher daily 
rate than that of the contrary processes. In such a case, the light 
regime in the growth chamber would favor an adequate ratio Pfr/Ptotal, 
which was not produced by the light conditions in the greenhouse. The 
germination tests in this experiment were carried out on January and 
May, 1985, and March 1986. During those months germination of the 
CHEAT, control seed for the field experiments, was relatively low (Figs. 
7 B and 9 B), indicating that the light conditions in the greenhouse 
were not favorable for germination of seeds on the soil surface. 
It follows that the proportion of seeds that germinated in the 
dark would contain an appropiate level of preformed Pfr, and they would 
be able to mantain it during the after-ripening treatments, in contrast 
with those that required the light stimulus. This might be due to the 
polymorphysm that this species exhibits (Karssen, 1970), in conjunction 
with environmental effects during seed formation (Wentland, 1965). 
3. Digitaria sanguinalis (DIGSA) 
The germination data for the after-ripening experiments on 1983 
DIGSA seeds are shown in Tables 21 and 22. Fig. 27 A illustrates the 
response for the germination tests conducted in the growth chamber 
under dark conditions; Fig. 27 B illustrates corresponding results for 
the greenhouse tests on seeds planted at a 2 cm depth. In both cases, 
little or no germination occurred for DIGSA seeds stored at 0 C or 
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Table 21. Germination of Digitaria sangninalis seed collected in 1983, 
as affected by after-ripening temperatures for different 
periods. Seeds were planted in the growth chamber (in Petri 
dishes with blotter paper) and the greenhouse (at 2 cm depth 
in pots with soil) 
a 
After-ripening Germination (? )  
Temp. Duration 
(C) (Months) Growth chamber Greenhouse 
-20 2.5 3.3 
5.0 1.3 1.3 
7.5 4.7 7.3 
-10 2.5 3.3 
5.0 3.3 6.0 
7.5 4.7 7.3 
0 2.5 2.0 
5.0 1.3 2.0 
7.5 1.3 5.3 
10 2.5 1.7 
5.0 4.0 10.7 
7.5 18.7 20.7 
20 2.5 5.3 
5.0 5.3 15.3 
7.5 30.7 39.3 
Lsd (0.05) 
Temperatures 7.6 8.7 
Months 4.8 5.9 
Temps. X Months 10.7 13.3 
a 
Average of three replications with 50 seeds each. 
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Table 22. Effect of after-ripening temperatures, and germination 
conditions on the germination percentage of Digitaria 
sanguinalis seed collected in 1983. Seeds were stored for 
15 months at the indicated temperatures and then planted in 
the growth chamber (in Petri dishes with blotter paper under 
light or dark conditions) and in the greenhouse (at 0 or 2 
cm depth in pots with soil) 
Germination conditions 
After-ripening 
temperatures 
(C) Growth chamber Greenhouse 
a 
Light Dark 0 cm 2 cm 
b 
(.%) 
-20 11.3 4.7 30.0 10.0 
-10 24.7 10.0 32.0 5.3 
0 20.7 3.3 42.7 7.3 
10 84.0 55.3 94.7 50.7 
20 94.7 86.0 96.0 80.0 
8.7 
6.0 
13.0 
a 
Cycles of 12 hr light and 12 hr dark. 
b 
Average of three replications with 50 seeds each. 
Lsd (0.05) 
Temperatures 
Germ. cond. 
Temp. X Germ. 
7.6 
4.8 
cond. 10.9 
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indicated temperatures, on the germination capacity of 
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lower temperatures for 2.5 months, thus the after-ripening process was 
prevented under such conditions. Some after-ripening occurred in seeds 
stored at 10 and 20 C for 5 months and thereafter the process was 
accelerated at different rates by the storage temperatures. 
Table 22 and Fig. 28 report the results for the germination tests 
carried out after 15 months. Higher germination percentages were 
obtained on seeds that were supplied with light both in the growth 
chamber and the greenhouse. These data are consistent with the field 
experiments and indicate that light enhances germination of DIGSA 
seeds, providing that they have been released from primary dormancy by 
after-ripening. 
The results for the after-ripening experiments on 1984 DIGSA seed 
(Table 23; Figs. 29 and 30) were largely similar to those for 1983 
DIGSA seed. However, the IOC treatment failed to support after-
ripening, while an increased effectiveness was demonstrated by the 
treatments at 30 and 40 C. This indicates that the 1984 seed had a 
higher degree of primary dormancy. A surprisingly low germination was 
obtained in the greenhouse tests at 2.5 months, especially for seeds 
on the soil surface, as compared to that for simultaneous tests in the 
growth chamber (Table 23; Fig. 29). These tests were conducted in 
January, 1985, and the light regime during that month is not favorable 
for the promotion of DIGSA seed germination, as suggested from data in 
Fig. 10 B. 
Accelerated after-ripening of DIGSA and other grass seeds, in 
response to increasing temperatures, was reported by Taylorson and 
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Table 23. Effect of after-ripening temperatures for different periods, 
and the germination conditions, on the germination 
percentage of Digitaria sanguinalis seed collected in 1984. 
Seeds were planted in the growth chamber (in Petri dishes 
with blotter paper, under light or dark conditions), and in 
the greenhouse (at 0 and 2 cm depth in pots with soil) 
After-ripening Germination conditions 
Temps. Duration Growth chamber Greenhouse 
(C) (months) 
Light Dark 0 cm 2 cm 
m 
-20 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 — — — — 
-10 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 
— — — — 
0 2.5 0.7 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.7 0.7 — — — — 
10 2.5 0.0 0.7 0.0 0.0 
5.0 5.3 2.0 6.0 3.0 
15.0 9.3 0.3 — — — — 
20 2.5 8.7 2.7 0.0 0.0 
5.0 38.7 4.0 20.7 7.3 
15.0 52.7 32.0 — — — — 
30 2.5 71.3 43.3 0.0 7.3 
5.0 68.7 41.3 47.3 46.7 
15.0 87.3 70.7 — — — — 
40 2.5 85.3 73.3 10.0 46.7 
5.0 86.7 • 74.0 88.7 86.7 
15.0 95.3 89.3 — — — — 
Lsd (0.05) 
Temperatures 11.5 8.4 6.4 6.8 
Months 3.8 4.2 3.4 2.6 
Temps. X Months 10.0 11.0 9.0 7.0 
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Brown (1977). Similar results have been reported for other species 
(e.g., Roberts, 1962; Lewak and Eudnicki, 1977; Taylorson, 1978, 1979). 
The events that take place during after-ripening and lead to the 
breakage of seed dormancy, are poorly understood. Presumably, they 
involve the loss of an inhibitor that initially prevents the seed from 
responding to light or other stimuli (Taylorson and Hendricks, 1977) or 
changes in the amounts of certain metabolites, and the activation of 
enzymes that bring about mobilization of stored reserves and 
respiration (Lewak and Rudnicki, 1977). Difficulties exist in 
establishing a separation between the processes related to the breaking 
of dormancy and those related to early steps in germination. 
Biawas at al. (1978) reported that, in after-ripening DIGSA seeds 
the total protein content greatly increased after imbibition, and this 
was correlated with increases in the activities of alpha-amylase, 
peroxidase and acid phosphatases. A three to four fold reduction in 
lipase activity also occurred. These changes were not observed in non-
after-ripened seeds. 
4. Echinochloa crus-galli (ECHCG) 
Tables 24 and 25 show data of the after-ripening experiment on 
1983 ECHCG seed. As illustrated in Fig. 31, the breakdown of primary 
dormancy was a function of both the period and the temperature of 
after-ripening. Thus, seeds stored at 10 and 20 C underwent a higher 
rate of after-ripening than those held at lower temperatures. In 
addition, there was a drastic effect of the subsequent germination 
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Table 24. Germination of Echinochloa crus-galli seed collected in 
1983, as affected by after-ripening temperatures for 
different periods. Seeds were planted in the growth 
chamber (in Petri dishes with blotter paper) and the 
greenhouse (at 2 cm depth in pots with soil) 
After-ripening Germination (?) 
a 
Temp. Duration 
(C) (Months) Growth chamber Greenhouse 
-20 2.5 
5.0 
7.5 
0.7 
0.0 
2.0 
26.0 
34.7 
-10 2.5 
5.0 
7.5 
0.7 
0.7 
4.0 
38.0 
44.7 
0 2.5 
5.0 
7.5 
0.0 
1.3 
6.0 
43.3 
54.7 
10 2.5 
5.0 
7.5 
0.0 
2.7 
58.7 
72.0 
88.7 
20 2.5 
5.0 
7.5 
0.7 
15.3 
86.7 
88.7 
92.0 
Lsd (0.05) 
Temperatures 
Months 
Temps. X Months 
2.9 
4.6 
10.2 
3.0 
4.4 
9.9 
a 
Average of three replications with 50 seeds each. 
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Table 25. Effect of after-ripening temperatures, and germination 
conditions on the germination percentage of Echinochloa 
crus-galli seed collected in 1983. Seeds were stored for 
15 jnonths at the indicated temperatures and then planted in 
the growth chamber (in Petri dishes with blotter paper under 
light or dark conditions) and in the greenhouse (at 0 or 2 cm 
depth in pots with soil) 
Germination conditions 
After-ripening 
temperatures 
(C) Growth chamber Greenhouse 
a 
Light Dark 0 cm 2 cm 
b 
(?) 
-20 0.0 0.0 20.7 52.7 
-10 0.0 0.0 37.3 68.0 
0 0.7 3.3 56.0 84.7 
10 58.0 54.7 86.0 90.0 
20 66.7 76.0 91.3 93.3 
13.0 
4.4 
14.7 
a 
Cycles of 12 hr light and 12 hr dark. 
b 
Average of three replications with 50 seeds each. 
Lsd (0.05) 
Temperatures 
Germ. cond. 
Temp. X Germ. 
2.9 
4.6 
cond. 7.8 
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Fig. 31. Effect of after-ripening for different periods at the 
indicated temperatures, on the germination capacity of 
1983 collected seeds of Ecfainochloa crus-galli. 
A. Germination tests in the growth chamber (Petri dishes, 
25 C in the dark) ; B. Germination tests in the greenhouse 
(pots with soil, 2 cm depth) 
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conditions in conjunction with the storage temperatures. Specifically, 
seeds that were after-ripened at 10 or 20 C germinated well either in 
the growth chamber at 25 C under dark conditions or in the greenhouse 
at 2 cm depth, whereas seeds from 0 C or lower storage temperatures had 
virtually no germination in the growth chamber but germinated in the 
greenhouse (Fig. 31). 
The effect of the germination conditions in the response to the 
after-ripening temperatures becomes more evident from the comparison of 
data in Fig. 32, for tests done after 15 months of storage. This 
figure also shows that seeds stored at 0 C or lower temperatures 
germinated better when planted at 2 cm depth than on the soil surface. 
The data from the experiment with 1984 ECHCG seed are shown in 
Table 26. These data, which are illustrated in Fig. 33, are generally 
consistent with those for 1983 seed (Fig. 31). A comparison among 
germination tests performed on 1984 ECHCG seeds stored for 15 months, 
which is presented in Fig. 34, confirms that there is a strong 
influence of the light conditions on germination percentage. The 
highest percentages were obtained from seeds planted at 2 cm depth in 
the greenhouse or under dark conditions in the growth chamber. 
These differences in germination response to light conditions were 
opposite for Digitaria sanguinalis seeds (Figs. 28 and 30). They 
germinated at a higher level under light conditions. Furthermore, the 
differences tend to be less drastic in seeds stored at high 
temperatures for prolonged periods (e.g., data for 20 C in Figs. 28 and 
32, and for 40 C in Figs. 29 A and 33 A). 
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Table 26. Effect of after-ripening temperatures for different periods, 
and the germination conditions, on the germination 
percentage of Echinochloa crus-galli seed collected in 1984. 
Seeds were planted in the growth chamber (in Petri dishes 
with blotter paper, under light or dark conditions), and in 
the greenhouse (at 0 and 2 cm depth in pots with soil) 
After-ripening Germination conditions 
Temps. Duration Growth chamber Greenhouse 
(C) (months) 
Light Dark 0 cm 2 cm 
i i )  
-20 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 — — — — 
-10 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 — — — — 
0 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 5.3 — — — — 
10 2.5 0.0 0.0 0.0 0.7 
5.0 0.0 0.0 1.3 21.3 
15.0 29.3 33.3 — — — — 
20 2.5 10.7 16.0 13.0 28.0 
5.0 16.7 59.3 26.7 84.7 
15.0 82.7 74.7 — — — — 
30 2.5 60.7 54.0 16.0 34.0 
5.0 80.0 72.0 48.7 89.3 
15.0 62.0 77.3 — — — — 
40 2.5 13.3 11.0 9.3 28.7 
5.0 35.3 71.3 30.0 78.0 
15.0 82.7 82.7 — — — — 
Lsd (0.0 ) 
Temperatures 5.3 8.1 9.4 10.7 
Months 6.0 5.9 5.5 5.7 
Temps. X Months 15.8 15.6 14.6 15.1 
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Taylorson and Brown (1977) reported that after-ripening was 
accelerated in ECHCG seeds, through treatments with 50 C for 14 days. 
In their experiment, however, a higher germination occurred under light 
than under dark conditions, which is opposite to the results of this 
study. The same authors provide a possible explanation for this 
discrepancy, by varying the duration of the after-ripening treatment. 
Such a response is evidenced first by an increased germination with 
little or no effect on dark germination; as after-ripening increases, 
the seeds reach maximum responsiveness to light, while dark germination, 
also increases and finally they may reach the level achieved in light. 
In addition, Taylorson and Brown (1977) pointed out that differences in 
response to after-ripening treatments may occur, as different seed lots 
of the same weed species often exhibit variation in relative dormancy. 
This arises chiefly from the interactions of the genotype with its 
environment during maturation of the seed. 
5. Polygonum pensylvanicum (POLPY) 
Virtually no germination occurred in POLPY seeds collected either 
in 1983 or 1984, after being subjected to any of the temperature 
treatments. This indicates that primary dormancy in this species was 
deeper than in the other species, and probably was imposed by a 
different mechanism. 
Data in Figs. 16, 17, and 18 indicated a clear effect of exposure 
to field conditions in overcoming POLPY dormancy, response to low 
temperature treatments was expected, but this did not happen. 
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Stratification treatments in Petri dishes with moist soil, included 
incubation for 6 weeks at 5 C; 6 weeks at 0 C; 3 weeks at -20 C plus 3 
weeks at 5 C; 3 weeks at -10 C plus 3 weeks at 5 C; and, 3 weeks at 0 C 
plus 3 weeks at 5 C. Although some germination (lower than 8 $) was 
obtained in some cases, none of the treatments were effective in 
breaking dormancy (data not shown). 
LaCroix (1961) studied dormancy in POLPY seeds, and reported that 
dry seeds remained dormant while stored for 2 years. Since embryos 
from those seeds failed to grow or occasionally produced dwarfed 
seedlings, he suggested that dormancy in this species is imposed by the 
embryo. Incubating the seeds for extended periods on moist stratum at 
low temperatures was only moderately successful in breaking their 
dormancy. Conversely, Belcher (1972) and Jordan et al. (1982) reported 
90 % germination of POLPY seeds, after prolonged pre-chilling 
treatments. 
6. Setaria glauca (SETLU) 
The data for the after-ripening temperature experiment on 1983 
collected seed are shown in Tables 27 and 28. The growth chamber tests 
resulted in very little germination over 7.5 months, and the maximum 
germination was only 16.7 % in seeds held for 15 months at 20 C (Fig. 
35 A). In the greenhouse tests, less than 11 % germination was 
recorded for treatments with 0 C or lower temperatures, but a maximum 
46 $ occurred after 15 months at 20 C (Fig. 36). 
Germination percentages for 1984 SETLU seed, shown in Table 29, 
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Table 27. Germination of Setaria glauca seed collected in 1983, as 
affected by after-ripening temperatures for different 
periods. Seeds were planted in the growth chamber (in Petri 
dishes with blotter paper) and the greenhouse (at 2 cm depth 
in pots with soil) 
a 
After-ripening Germination (%) 
Temp. Duration 
(C) (Months) Growth chamber Greenhouse 
-20 2.5 2.0 
5.0 1.3 7.3 
7.5 1.3 4.7 
-10 2.5 1.7 
5.0 0.7 8.0 
7.5 0.7 10.7 
0 2.5 0.7 
5.0 1.3 8.7 
7.5 1.3 7.3 
10 2.5 2.0 
5.0 2.7 20.0 
7.5 2.0 30.0 
20 2.5 1.3 
5.0 4.7 22.7 
7.5 5.3 38.0 
Lsd (0.05) 
Temperatures 1.5 6.7 
Months 1.9 3.8 
Temps. X Months 4.2 8.5 
a 
Average of three replications with 50 seeds each. 
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Table 28. Effect of after-ripening temperatures, and germination 
conditions on the germination percentage of Setaria glauca 
seed collected in 1983. Seeds were stored for 15 months at 
the indicated temperatures and then planted in the growth 
chamber (in Petri dishes with blotter paper under light or 
dark conditions) and in the greenhouse (at 0 or 2 cm depth 
in pots with soil) 
Germination conditions 
After-ripening 
temperatures 
(C) Growth chamber Greenhouse 
a 
Light Dark 0 cm 2 cm 
b 
(%) 
-20 4.0 4.7 2.7 6.0 
-10 4.7 1.3 4.0 8.3 
0 5.3 4.0 6.0 11.3 
10 13.3 8.0 14.7 35.3 
20 17.3 16.7 10.7 46.0 
4.4 
4.0 
7.7 
a 
Cycles of 12 hr light and 12 hr dark. 
b 
Average of three replications with 50 seeds each. 
Lsd (0.05) 
Temperatures 3.3 
Germ. cond. 3.6 
Temp. X Germ. cond. 6.5 
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Table 29. Effect of after-ripening temperatures for different periods, 
and the germination conditions, on the germination 
percentage of Setaria glauca seed collected in 1984. 
Seeds were planted in the growth chamber (in Petri dishes 
with blotter paper, under light or dark conditions), and in 
the greenhouse (at 0 and 2 cm depth in pots with soil) 
After-ripening Germination conditions 
Temps. Duration Growth chamber Greenhouse 
(C) (months) 
Light Dark 0 cm 2 cm 
(? )  
-20 2.5 0.0 0.0 0.0 0.0 . 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 - — — — 
-10 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 — — — — 
0 2.5 0.0 0.0 0.0 0.0 
5.0 0.0 0.0 0.0 0.0 
15.0 0.0 0.0 - - — — 
10 2.5 0.0 0.0 0.0 2.0 
5.0 0.0 0.0 0.7 0.0 
15.0 0.0 0.0 — — 
— — 
20 2.5 0.0 0.0 0.0 10.7 
5.0 0.0 0.0 0.0 0.0 
15.0 1.3 0.7 — — — — 
30 2.5 0.0 0.0 12.7 28.0 
5.0 1.3 1.3 16.7 5.3 
15.0 3.3 2.0 — — — — 
40 2.5 3.3 1.3 22.0 24.7 
5.0 4.0 5.3 6.0 10.0 
15.0 15.3 1.3 — — — — 
Lsd (0.05) 
Temperatures 2.8 2.4 12.4 16.1 
Months 1.0 0.8 3.7 5.9 
Temps. X Months 2.7 2.2 9.7 15.6 
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were lower than those for 1983 seed. These data confirm that this 
species exhibits a high degree of primary dormancy. After-ripening 
treatments of 50 C for 14 days, performed by Taylorson and Brown (1977) 
on SETLU seeds, were only effective for one seed lot and rather 
inconsistent for three others. This is presumably due to the 
interactions of genotype with its environment during maturation which 
results in different degrees of dormancy. Such factors may have 
accounted for the results in this study. 
According to data from Figs. 19, 20, and 21, the dormancy of SETLU . 
seeds was broken in the field, presumably by the low temperatures 
experienced. However, since such effects were not duplicated by 
constant low temperature treatments in the laboratory, it is 
conceivable that the temperature fluctuations that occur in the field 
are required. Sutcliffe (1977), and Bewley and Black (1982), have 
suggested that such fluctuations may increase the permeability of 
membranes, or may act in connection with the preservation of 
phytochrome. Furthermore, other field factors, such as suitable soil 
moisture, light conditions and nitrate availability, may be necessary 
for dormancy breakdown. Interactions among such factors have been 
reported for other species (Roberts, 1972, 1973 and 1981; Taylorson and 
Hendricks, 1972b; Vincent and Roberts, 1977; Taylorson, 1982). 
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D. General Discussion 
In general, for the six species the germination percentages of the 
seed collected in 1983 was higher than for seed collected in 1984, 
Such differences may be attributed to the different periods of drying 
(three weeks for the 1983 seeds and one week for the 1984 seeds). In 
addition, a more prolonged drought occurred in 1983 and other climatic 
differences that may have occurred in the two years, in conjunction 
with possible differences in genotype, could result in different 
degrees of dormancy. 
In the field experiments emphasis was placed on supplying the 
seeds with conditions that simulate the two basic situations that they 
may encounter in the field. However, some factors cannot be considered 
as identical to those occurring simultaneously in the area were the 
pots were placed. Specifically, the lateral radiation exchanged by the 
walls of the pots may have facilitated a greater temperature 
fluctuation. The lack of direct contact between the soil in the pots 
and the natural soil surface may have increased the rate of water loss, 
thus causing abnormal periods of drought. This may account for the 
fluctuation. The lack of direct contact between the soil in the pots 
and the natural soil surface may have increased the rate of water loss, 
thus causing abnormal periods of drought. This may account for the 
relatively low germination observed in the pots while they were still 
in the field, as compared to the surrounding area. In addition, during 
periods when weed seed germination normally takes place in the field, 
particularly April, May and June, germination was generally obtained in 
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the pots removed from the field when they were provided with more 
favorable conditions in the greenhouse. This indicates that such seeds 
were undergoing environmental constraints to germinate. Nevertheless, 
the influence of such factors on the overall outcome of the experiments 
can be regarded as minimal, and thereby the results can be considered 
as representative of phenomena that occur in nature. 
Remarkable similarities were observed in the behavior of seeds of 
species as diverse as Amaranthus retroflexus, Chenopodium album, and 
Echinochloa crus-galli, when they were subjected to field conditions on. 
the soil surface. The germination response in these cases was 
characterized by a progressive increase from January to April and then 
a prominent reduction in subsequent months. In the majority of the 
cases, however, such fluctuations also occurred in seed kept at 10 C 
and 40 % RH and tested under similar conditions. Hence, it seems 
likely that the previous environmental conditions experienced by those 
seeds do not play a major role in determining whether or not 
germination takes place; instead, the prevailing photoperiod or other 
concomitant factors occurring while the seeds are supplied with 
adequate temperature and moisture, appear to to drive the processes 
that initiate germination. Phytochrome may be involved in such 
responses. This would be possible in some species, after the seeds 
have overcome the primary dormancy by means of the after-ripening 
processes (Lewak and Rudnicki, 1977; Taylorson and Brown, 1977; 
Taylorson, 1982). However, prolonged afterripening may lead to loss of 
light dependence (Taylorson, 1982). 
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Toole et al. (1956) compiled the results of studies in which 
germination have been observed in response to photoperiodic regimes. 
Thus, seeds of Lepidium virginicum, Nigella dammscena, Veronica 
persica, and Silene americana germinated well with daily irradiations 
of a few minutes or hours, but poorly when held continuously in either 
light or dark. In contrast, Leptandra sibirica. Spiraea japonica and 
Betula pubescens responded most favorably to continuous irradiation. 
These authors indicate that species included in such groups have 
features of shortday and longday plants, respectively. 
More recent literature appears to neglect such interpretations. 
For example, Taylorson (1982) indicates that seeds of some species and 
occasionally different collections of some species, may require a 
prolonged single irradiance for germination. This requirement may be 
replaced by repeated irradiances over a prolonged period. Although the 
nature of such prolonged irradiance requirement is not known, Taylorson 
considers it incorrect to interpret this effect as photoperiodic, 
unless repeated brief irradiances fail to substitute for it. In 
appearance, this has not been done for the majority of the cases where 
photoperiodic responses have been claimed. 
While supporting the hypothesis of a photoperiodic response in the 
breakdown of seed dormancy, Whatley and Whatley (1980) have indicated 
that the light requirement is quantitative but may vary with 
temperature. Refering to this, Villiers (1975) stressed that daylength 
is the only predictable climatic factor, and thus it constitutes the 
reliable marker of the seasonal cycles that allow the accurate 
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synchronization in the rhythms of annual growth and reproductive 
activity. 
The seasonal fluctuations observed in germination may be due to 
the seeds controlling their germination patterns, perhaps by circadian 
rhythms. Although this possibility has not been substantiated, it 
cannot be ruled out, since such processes have been demostrated to be 
related to phytochrome in governing other natural phenomena (Hendricks, 
1963; Galston et al., 1980). 
Providing that membranes are responsible for compartmentalizing 
different factors within the seed and regulating their subsequent 
interaction, proper membrane function is necessary to bring about 
germination. Furthermore, important enzymes may be associated with the 
membranes and their activity may be determined by the membrane status. 
Both gibberellins and phytochrome have been implicated as 
affecting membrane status. Such factors seem to be tightly 
interrelated, since the relative concentration of gibberellins may rise 
during phytochrome-mediated light responses. From an operational 
standpoint, replacement of these factors for each other is possible, 
which may explain some of the results obtained in this study. 
The mechanisms involved in the effect of phytochrome on 
germination are essentially unknown (Egley and Duke, 1985). However, 
the primary action seems to be associated with interactions with 
cellular membranes, because membrane permeability and membrane-bound 
enzymatic or hormonal activities can be modulated via phytochrome 
(Hendricks and Borthwick, 1967; Smith, 1975; Marme, 1977; Hendricks and 
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Taylorson, 1978). In addition, Mohr (1966) developed a hypothesis in 
which phytochrome plays a role in the regulation of gene expresion. 
Studies carried out by Carpita et al. (1979a and 1979b) in lettuce 
seeds, indicated that phytochrome induces germination by enhancing the 
expansive force of embryonic axis, and that removal of seed coat 
replaces the light requirement for germination. Leung and Bewley 
(1981a and 1981b) in turn, carried out experiments that appear to link 
phytochrome action to growth hormones. They were able to demonstrate 
that the activity of many enzymes increases after red light irradiation. 
of the axis, and this effect could be mimicked by exogenous 
applications of GA3 and benzyladenine in lettuce seeds where the axes 
were removed. Thereby, the authors concluded that the red-light 
perception took place in the axis and was followed by the appearance of 
a diffusible factor that was translocated into the cotyledons, where 
enzyme induction occurred. 
E. Further Work 
With the foundation of the data reported here, further work may be 
undertaken to gain insight into the behavior of weed seeds. 
Suggestions include field experiments which could be carried out for 
longer periods (e.g., two or more consecutive years). In this case it 
would be advisable to conduct germination tests of the seed removed 
from the field under different temperature regimes and light cycles. 
Treatments that include comparisons between disturbed and non-disturbed 
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soil in the pots should provide valuable information i 
Further laboratory work may focus on the determination of the 
level and status of phytochrome in seeds under different treatments, 
especially when subjected to different photoperiods. This would allow 
the evaluation of the relative importance of the processes responsible 
for phytochrome interconversions (i.e., conversion of Pr into Pfr under 
light conditions, and reversion of Pfr into Pr in the dark). For seeds 
of species such as Polygonum pensylvanicum and Setaria glauca, which in 
this study responded to low temperatures in the field, it would be 
important to determine whether or not their response is related to the 
balance between or the concentration of different hormones. 
F. Conclusion 
The pertinent literature repeatedly indicates that seed dormancy 
and germination are very complex processes. Since many factors are 
implicated in the regulation of such processes, difficulties arise in 
drawing conclusions on the basis of isolated experiments. 
The data in this study indicated that the behavior of weed seeds, 
in terms of dormancy characteristics, can be substantially different 
according to the location of the seed in the soil. Much of this 
response can be explained on the basis of a phytochrome requirement for 
germination. Specifically, interconversions between the active (Pfr) 
and inactive (Pr) forms may have occurred under the conditions of the 
experiments. However, a detailed elucidation of the mechanisms 
involved in such processes was beyond the scope of this investigation. 
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The reported data provides some foundation for the possible 
response of the studied species under different soil management systems. 
Thus, under conventional tillage, Amaranthus retroflexus (AMARE) and 
Digitaria sanguinalis (DIGSA) seeds may tend to remain in primary 
dormancy or develop secondary dormancy, if they become buried; further 
soil disturbance would promote germination as seeds are exposed to 
light. Lower germination may be also expected for buried Chenopodium 
album (CHEAL), Echinochloa crus-galli (ECHCG) and Setaria glauca (SETLU) 
seeds, but they may overcome this dormancy without further soil 
disturbance. Burying seeds of Polygonum pensylvanicaum (POLPY), in 
contrast, may result in an enhanced germination after experiencing low 
temperatures during the winter, while non-geminating seeds of this 
species may enter into a secondary dormancy as induced by increasing 
temperatures. 
Under no-tillage systems, seeds of all species except POLPY, may 
acquire an increased germination capacity in response to exposure to 
conditions such as light. For AMARE, CHEAL, AND ECHCG non-buried seeds, 
the germination patterns may be associated with a photoperiodic response. 
Accelerated after-ripening occurred in seeds of all species except 
POLPY, when stored at increasing temperatures from 0 to 40 C. AMARE, 
ECHCG and SETLU seeds germinated better in the dark, while CHEAL and 
DIGSA germinated better in the light. These differences, however, were 
less evident for seeds stored at temperatures above 20 C, which 
indicates an interaction between the temperature previously experienced 
by the seed and its response to light conditions during germination. 
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VII. APPENDIX: ANALYSIS OF VARIANCE TABLES 
Table 30, Analysis of variance for the 1983 Amaranthus retroflexus seed germination data in the 1984 
and 1984-85 experiments, as affected by the planting depths over the months 
A. Seed from field B. Control 
Source 
of 1984 1 
C
O
 o\ 
•85 1984 1984-85 
var. 
df MS F df MS F df MS F df MS F 
Reps. 4 63.6 0.62 4 45.9 1.85 4 101,8 2.11 2 54.7 0.96 
Months 4 832.2 8.08** 8 448.7 18.06** 5 6456.8 133.85** 9 830.8 14.60** 
Error (a) 16 103.0 32 24.9 20 48.2 18 56.9 
Depths 1 2125.5 23.30** 1 1246.9 69.15** 1 5626.0 127.55** 1 18375.0 414.79** 
Month X depth 4 804.8 8.82** 9 1240.7 68.80** 5 529.8 11.89** 9 141.2 3.19* 
Error (b) 20 91.2 36 18.3 24 44.6 20 44.3 
C.V. (a) 29.4 % 36.3 % 14.9 % 47.3 % 
C.V. (b) 27.7 % 30.9 % 14.3 % 48.9 % 
* Significant difference at P<0.05 level, 
** Significant difference at P<0,01 level. 
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Table 31. Analysis of variance for the 1984 Amaranthus retroflexus seed 
germination data in the 1984-85 experiment, as affected by the 
planting depths over the months 
Source 
A. Seed from field B. Control 
of 
var. df MS F df MS F 
Reps. 2 12.8 0.69 2 3.2 0.19 
Months 8 369.5 19.88** 9 66.5 4.11** 
Error (a) 32 18.6 18 16.2 
Depths 1 2624.4 132.17** 1 1.7 0.17 
Months X depths 8 417.5 21.03** 9 35.0 3.63** 
Error (b) 36 19.9 20 9.6 
C.V. (a) 47.3 % 87.4 % 
C.V. (b) 48.9 % 67.5 % 
** Significant difference at P<0.01 level. 
Table 32. Analysis of variance for the 1983 Chenopodium album seed germination data in the 1984 and 
1984-85 experiments, as affected by the planting depths over the months 
Source 
A. Seed from field B. Control 
of 1984 1984 -85 1984 1984 -85 
var. 
df MS F df MS F df MS F df MS F 
Reps, 4 34.3 1.52. 2 62,6 1.06 4 10.9 1.57 2 5.2 0.49 
Months 4 303.4 13.50** 9 910,9 15.38** 5 1036.2 149.09** 9 186.2 17.50** 
Error (a) 16 22.5 18 59.2 20 6,9 18 10,6 
Depths 1 1946.9 23.82** 1 5904.9 107.69** 1 4681.7 432.49** 1 3110.4 209.69** 
Month X depth 4 437.4 5.35** 9 219.3 4,00** 5 908.3 83.91** 9 48.2 3,25* 
Error (b)  20 81.7 20 54.8 24 10.8 20 14.8 
C.V. (a) 10,9 % 26.7 % 19.8 % 24.1 % 
C.V. (b)  20.7 % 33.2 % 24.7 % 28.4 % 
* Significant difference at P<0.05 level. 
** Significant difference at P<0.01 level. 
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Table 33. Analysis of variance for the 1984 Chenopodium album seed 
germination data in the 1984-85 experiment, as affected by the 
planting depths over the months 
Source 
A. Seed from field B. Control 
of 
var. df MS F df MS F 
Reps. 4 180.2 4.01* 2 21.1 1.46 
Months 8 2071.7 46.11** 9 526.1 36.27** 
Error (a) 32 44.9 18 14.5 
Depths 1 5824.2 98.90** 1 498.8 68.02** 
Months X depths 8 475.7 8.08** 9 147.2 20.08** 
Error (b) 36 58.9 20 7.3 
C.V. (a) 29.0 % 44.4 % 
C.V. (b) 33.2 % 31.6 % 
*• Significant difference at P<0.01 level. 
Table 34. Analysis of variance for the 1983 Dlgitaria sangulnalis seed germination data in the 1984 
and 1984-85 experiments, as affected by the planting depths over the months. 
A. Seed from field B. Control 
Source 
Of 1984 1984-85 1984 1984-•85 
var. 
df  MS F df  MS F df  MS F df  MS F 
Reps. 4 10.3 0.78 4 38.4 2.05 4 50.1 3.53 2 9.9 0.39 
Months 5 589.2 44.64** 8 847.9 45.32** 6 1214.4 85.59** 9 525.1 20.60** 
Error (a) 20 13.2 32 18.7 24 14.2 18 25.5 
Depths 1 1685.4 134.83** 1 1013.4 72.30** 1 7201.4 408.01** 1 22426.7 874.90** 
Month X depth 5 591.6 47.33** 8 240.0 17.12** 6 245.4 13.90** 9 221.6 8.65** 
Error (b)  24 12.5 36 14.2 28 17.7 20 25.6 
C.V. (a) 68.0 % 82.1 % 16.0 $ 
o
 
o
 % 
C.V. (b)  66.3 % 71.1 % 17.9 % 10.1 % 
** Significant difference at P<0.01 level. 
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Table 35. Analysis of variance for the 1984 Digitaria sanguinalis seed 
germination data in the 1984-85 experiment, as affected by the 
planting depths over the months. 
Source 
of 
var. 
A. Seed from field B. Control 
df MS F df MS F 
Reps. 4 0.9 0.18 2 4.6 0.79 
Months 8 23.5 4.66** 9 74.5 12.86** 
Error (a) 32 5.1 18 5.8 
Depths 1 100.3 20.26** 1 516.3 61.71** 
Months X depths 8 18.5 3.74** 9 64.2 7.67 
Error (b) 36 5.0 20 8.4 
C.V. (a) 182.3 % 52.3 % 
C.V. (b) 180.4 % 63.0 % 
** Significant difference at P<0.01 level. 
Table 36. Analysis of variance for the 1983 Echinochloa crus-galli seed germination data in the 
1984 and 1984-85 experiments, as affected by the planting depths over the months 
Source 
A. Seed from field B. Control 
of 1984 1984 -85 1984 1984 -85 
var. 
df MS F df MS F df MS F df MS F 
Reps. 4 75.9 0.50 4 722.0 8.40 4 63.0 0.97 2 30.1 0.70 
Months 4 3228.0 21.43*# 8 1603.1 18.65** 5 4748.5 72.73** 9 266.6 6.20»* 
Error (a) 16 150.6 32 85.9 20 65.3 18 43.0 
Depths 1 1705.3 9.92** 1 16204.9 102.10** 1 9151.4 698.13** 1 728.0 19.68** 
Month X depth 4 1477.6 8.59** 8 3301.1 20.75** 5 321.7 24.54** 9 176.9 4.78** 
Error (b)  20 172.0 36 159.1 24 13.1 20 37.0 
C.V. (a) 32.4 % 33.0 % 21.1 % 7.7 % 
C.V. (b)  34.6 % 44.9 % 9.4 % 7.2 % 
** Significant difference at P<0,01 level. 
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Table 37. Analysis of variance for the 1984 Echinochloa crus-galli seed 
germination data in the 1984-85 experiment, as affected by the 
planting depths over the months 
Source 
A. Seed from field B. Control 
of 
var. df MS F df MS F 
Reps. 4 819.3 4.86** 2 2.5 0.84 
Months 8 3662.9 21.72** 9 780.1 260.18** 
Error (a) 32 168.6 18 3.0 
Depths 1 5.9 0.07 1 2148.0 712.05** 
Months X depths 8 3062.7 35.48** 9 745.7 247.19** 
Error (b) 36 86.3 20 3.0 
C.V. (a) 
C.V. (b) 
45.6 % 
32.6 % 
27.4 % 
27.5 % 
•• Significant difference at P<0.01 level. 
Table 38, Analysis of variance for the 1983 Polygonum pensylvanioum seed germination data in the 
1984 and 1984-85 experiments, as affected by the planting depths over the months 
Source 
A. Seed from field B. 
a 
Control 
of 1984 1984-85 1984 1984-85 
var. 
df MS F df MS F df MS F df MS F 
Reps. 4 35.1 1.49 4 13.6 0.48 4 — — 
Months 4 1051.8 44.56** 8 1027.6 36.04** 5 — — — 
Error (a) 16 23.6 32 28.5 20 18 
Depths 1 612.5 29.49** 1 3276.1 152.65** 1 — -  —— 1 
Month X depth 4 389.7 18.76** 8 1017.7 47.42** 5 ~  — —  
Error (b) 20 20.8 36 21.5 24 20 
C.V. (a) 25.8 % 31.9 % -- — 
C.V. (b) 24.2 % 27.7 % — —-
** Significant difference at P<0.01 level, 
a 
Negligible germination occurred. 
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Table 39. Analysis of variance for the 1984 Polygonum pensylvanicum seed 
germination data in the 1984-85 experiment, as affected by the 
planting depths over the months 
Source 
A. Seed from field 
a 
B. Control 
of 
var. df MS F df MS F 
Reps. 4 59.3 4.56** 2 — — 
Months 8 316.5 24.36** 9 — — 
Error (a) 32 13.0 18 — 
Depths 1 603.2 44.21** 1 — — 
Months X depths 8 464.0 34.01** 9 — — 
Error (b) 36 13.6 20 — 
C.V. (a) 
C.V. (b) 
46.5 % 
47.7 % 
— 
*• Significant difference at P<0.01 level, 
a 
Negligible germination occurred. 
Table 10. Analysis of variance for the 1983 Setaria glauoa seed germination data in the 1984 and 
1984-85 experiments, as affected by the planting depths over the months 
Source 
A. Seed from field B. Control 
of 1984 1984 -85 1984 1984-•85 
var. 
df MS F df MS F df MS F df MS F 
Reps. 4 98.3 1.72 4 135.0 2.78 4 3.3 0.14 2 5.7 0.20 
Months 4 1716.1 30.10** 8 741.6 15.30** 5 566.5 24.63** 9 603.8 21.04** 
Error (a) 16 57.0 32 48.5 20 23.0 18 28.7 
Depths 1 0.1 0.00 1 7728.4 144.46** 1 1826.0 201.21** 1 2706.8 167.78** 
Month X depth 4 592.3 7.80** 8 1215.6 22.72** 5 118.3 13.04** 9 126.3 7.83** 
Error (b)  20 76.0 36 53.5 24 9.1 20 16.1 
C.V. (a) 23.8 % 27.9 % 33.0 % 17.9 % 
C.V. (b)  27.5 % 29.2 % 20.8 % 13.4 % 
** Significant difference at P<0.01 level. 
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Table 41. Analysis of variance for the 1984 Setaria glauca seed 
germination data in the 1984-85 experiment, as affected by the 
planting depths over the months 
Source 
A. Seed from field B. 
a 
Control 
of 
var. df MS F df MS F 
Reps. 4 120.0 4.74** 2 — — 
Months 8 1232.0 48.72** 9 — 
Error (a) 32 25.3 18 — 
Depths 1 4040.1 113.86** 1 — —— 
Months X depths 8 487.1 13.73*» 9 — 
Error (b) 36 35.5 20 — 
C.V. (a) 39.5 % — 
C.V. (b) 46.7 % 
** Significant difference at P<0.01 level, 
a 
Negligible germination occurred. 
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Table 42. Analysis of variance for the germination data of 1983 
Amaranthus retroflexus seed, as affected by the temperatures 
and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
Source 
A. Growth chamber B. Greenhouse 
of 
var. df MS F df MS F 
Reps. 2 285.9 2.58 2 45.4 1.03 
Temperatures 4 1538.4 13.83** 4 1921.6 43.58** 
Error (a) 8 111.2 8 44.1 
Time 3 4728.2 69.33** 2 646.5 9.84»* 
Temp. X time 12 187.7 2.76» 8 204.2 3.11* 
Error (b) 30 68.2 20 65.7 
C.V. (a) 17.5 % 10.4 % 
C.V. (b) 13.7 % 12.7 % 
• Significant difference at P<0.05 level. 
•* Significant difference at P<0.C1 level. 
Table 43. Analysis of variance for the germination data of 1984 Amaranthus retroflexus seed, as 
affected by the temperature and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
Source 
A Growth chamber B. Greenhouse 
of Light Dark 0 cm 2 cm 
var. 
df MS F MS F df MS F MS F 
Reps. 2 9.4 2.42 6.2 0.53 2 1.5 2.40 1.6 0.61 
Temperatures 6 2.8 0.72 118.8 10.27** 6 1.9 2.95 6.0 2.38 
Error (a) 12 3.9 11.6 12 0.6 2.5 
Time 2 7.4 2.28 154.2 17.53** 1 3.4 4.45 74.7 31.36** 
Temps. X depths 12 3.6 1.11 96.5 10.97** 6 1.0 1.29 6.0 2.52 
Error (b) 28 3.3 8.8 14 0.8 2.4 
C.V. (a) 97. 4 % 88 .1 % 109.2 % 119.1 % 
C.V. (b) 84. 9 % 64 .9 % 129.1 % 115.7 % 
** Significant difference at P<0.01 level. 
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Table 44. Analysis of variance for the germination data of 1983 
Chenopodium album seed, as affected by the temperatures 
and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
A. Growth chamber B. Greenhouse 
Source 
of 
var. df MS F df MS F 
Reps. 2 17.2 0.84 2 21.7 6.25* 
Temperatures 4 1.6 0.08 4 35.9 10.35** 
Error (a) 8 20.5 8 3.5 
Time 3 83.2 7.83** 2 35.3 3.42* 
Temp. X time 12 21.7 2.04 8 21.7 2.11 
Error (b) 30 10.6 20 10.3 
C.V. (a) 52.1 % 35.2 % 
C.V. (b) 37.5 % 60.7 % 
• Significant difference at P<0.05 level. 
** Significant difference at P<0.01 level. 
Table 45. Analysis of variance for the germination data of 1984 Chenopodium album seed, as 
affected by the temperature and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
Source 
A. Growth chamber B. Greenhouse 
of Light Dark 0 cm 2 cm 
var. 
df MS F MS F df MS F MS F 
Reps. 2 73.8 1.27 137.3 2.29 2 62.0 7.15** 12.7 0.67 
Temperatures 6 1691.8 29.11** 1261.0 21.03** 6 78.9 9.10** 429.3 22.60** 
Error (a) 12 58.1 60.0 12 8.7 19.0 
Time 2 1902.2 45.50** 804.9 24.50** 1 493.7 59.56** 247.7 38.25** 
Temps. X depths 12 289.0 6.91** 160.1 4.88** 6 13.7 1.66 239.9 37.05** 
Error (b) 28 41,8 32.8 14 8.3 6.5 
C.V. (a) 36.8 % 54.0 % 57 .2 % 56, .9 % 
C.V. (b) 31.2 % 40.0 % 56 .0 % 33, .2 % 
** Significant difference at P<0.01 level. 
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Table 46. Analysis of variance for the germination data of 1983 
Digitaria sanguinalis seed, as affected by the temperatures 
and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
Source 
A. Growth chamber B. Greenhouse 
of 
var. df MS F df MS F 
Reps. 2 2.5 0.20 2 37.4 1.42 
Temperatures 4 1907.9 154.07** 4 2756.2 104.31** 
Error (a) 8 12.4 8 26.4 
Time 3 2774.4 173.40** 2 2107.3 148.17** 
Temp. X time 12 885.4 55.34** 8 630.0 44.29** 
Error (b) 30 16.0 20 14.2 
C.V. (a) 26.9 % 28.2 % 
C.V. (b) 30.6 % 20.7 % 
** Significant difference at P<0.01 level. 
Table 47. Analysis of variance for the germination data of 1984 Digitaria sangulnalis seed, as 
affected by the temperature and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
Source 
A. Growth chamber B. Greenhouse 
of Light Dark 0 cm 2 cm 
var. 
df MS F MS F df MS F MS F 
Repls. 2 305.3 2.42 107.9 1.63 2 45.8 1.78 55.0 1. 87 
Temperatures 6 13308.6 105.56** 8403.2 126.90** 6 2044.9 79.57** 3985.9 135. 60** 
Error (a) 12 126.1 66.2 12 25.7 29.4 
Time 2 681.3 18.99** 911.1 21.17** 1 4994.4 190.00** 2002.4 125. 90** 
Temps. X depths 12 216.7 6.04** 221.4 5.14** 6 1390.6 52.90** 688.2 43. 30** 
Error (b) 28 35.9 43.0 14 26.3 15.9 
C.V. (a) 36.7 % 40.7 % 41 .1 % 37.1 % 
C.V. (b) 20 .6 % 32 1.8 i 41 .6 % 27.3 % 
Significant difference at P<0.01 level. 
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Table 48. Analysis of variance for the germination data of 1983 
Echinochloa crus-galli seed, as affected by the temperatures 
and the duration of after-ripening. A. Germination tests in 
the growth chamber; B. Germination tests in the greenhouse 
Source 
A. Growth chamber B. Greenhouse 
of 
var. df MS F df MS F 
Reps. 2 6.1 0.28 2 62.5 1.29 
Temperatures 4 4854.7 222.52** 4 4531.0 93.44** 
Error (a) 8 21.8 8 48.5 
Time 3 3713.9 345.30 2 2221.4 61.78** 
Temp, X time 12 1233.6 114.70 8 191.4 5.32** 
Error (b) 30 10.8 20 36.0 
C.V. (a) 29.8 % 10.8 % 
C.V. (b) 20.9 % 9.3 % 
•* Significant difference at P<0.01 level. 
Table 19. Analysis of variance for the germination data of 1984 Echinoohloa crua-galll seed, as 
affected by the temperature and the duration of after-ripening. A, Germination tests In 
the growth chamber; B. Germination tests In the greenhouse 
Source 
A. Growth chamber B. Greenhouse 
of Light Dark 0 cm 2 cm 
var. 
df MS F MS F df MS F MS F 
Reps. 2 22.9 0.85 246.6 3.99* 2 41.0 0.74 153.5 2.14 
Temperatures 6 6546.1 241.83** 7981.3 129.06** 6 3124.4 56.61** 5175.1 72.02** 
Error (a) 12 27.1 61.8 12 55.2 71.9 
Time 2 3383.3 37.91** 4056.3 46.68** 1 5281.9 76.05** 7150.1 96.37** 
Temps. X depths 12 1063.5 11.92** 793.6 9.13** 6 1690.0 24.33** 1091.9 14.72** 
Error (b) 28 89.2 86.9 14 69.5 74.2 
C.V. (a) 23.1 % 29.6 % 44.5 % 32.5 % 
C.V. (b) 41.9 % 32.2 % 49.9 % 33.0 % 
Significant difference at P<0.05 level. 
•'* Significant difference at P<0.01 level. 
